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PURPOSE 


The  purpose  of  this  report  is  to  provide  the  United  States  Army 
Corpa  of  Eii^iuce ra,  Omaha  District,  and  the  United  States  Army  Chemical 
Corps  with  a  readily  accessible,  discenubie,  and  definitive  record  of 
all  data,  activities  and  events  relating  to  the  drilling  and  completion  of 
the  Kocky  Mountain  Arsenal  Pressure  Injection  Disposal  Well.  It  is 
intended  tliat  this  report  serve  as  a  comprehensive  reference,  sufficiently 
complete  to  cover  minute  details,  and  yet  arranged  in  such  a  manner  that 
the  most  salient  aspects  of  the  operation  may  be  examined  independent 
of  details.  The  report  is  presented  in  three  volumes,  Volume  1  includes 
discussions  of  the  operation  from  the  design  phase  through  the  final  com¬ 
pletion.  Detailed  statistical  and  tabular  data  are  included  in  Volumes  11 
and  III. 

It  is  not  the  intent  of  tins  report  to  discuss  the  initial  injection 
operations.  This  is  to  be  covered  in  detail  in  a  subsequent  report  of  the 
initial  fluid  injection  characteristics. 
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ABSTRACT 


The  Rocky  Muir*'"".  Arsenal  Premure  In '.i On  Disposal  vVeli 
was  driiied  ior  thf  Unued  States  Army  Cheuiical  Corps  Ivy  the  United 
States  Ariuy  Corps  uf  Un^irK-ern,  Omaha  District.  The  firm  of  B.  A. 

Polumbus,  Jr,,  and  Assoc  lates,  Inc.,  Served  as  consulting  and  managi- - 
ment  engineers  and  consulting  geologists  to  the  Corps  of  Engineers  in  the 
design,  drilling,  and  completion  of  the  well.  The  well  was  drilled  to  provide 
access  to  underground  strata  which  could  be  used  as  waste  disposal  reservoirs. 

Drilling  operations  on  the  well,  which  is  located  on  the  Rocky 
Mountain  Arsenal  g  rounds,  comnienced  on  March  10,  IJbi,  Loffland 
Brothers  Company  was  contracted  to  drill  the  well.  The-  well  was  drilled 
to  a  total  depth  uf  i2,  0*13  feet  terminating  in  crystalline  rocks  of  pre- 
Cambrian  Agf.  The  drilling  ng  was  released  on  Septeii  ber  28,  lj6l, 
and  the  construction  phase  of  the  drilling  well  operation  was  considered 
completed  on  Noven.ber  iO.  iJ6l,  when  the  well  head  equipment  was 
installed  and  the  well  turned  over  to  the  Chemical  Corps,  This  report 
covers  the  operation  to  this  stag  . 

In  thi  design  and  drilling  of  the  well  and  in  the  identification, 
evaluation,  protection,  and  tesiing  of  potential  injection  reservoirs,  broad 
adaptations  of  tools,  techniques  and  practices  deveiopi-d  in  the  oil  industry 
wee  required. 
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Problems  resulting  from  natural  characteristics  of  the  formations 
penetrated  ranged  in  severity  to  economically  serious  and  critically 
hazardous.  Exposure  to  drilling  fluids  of  the  long  shale  section  from 
2,  020  feet  to  8,  485  feet  for  a  relatively  long  period  of  time,  coupled  with 
lost  circulation  in  lower  formations,  created  an  intricate  and  difficult  mud 
control  problem  as  well  as  a  keyaeating  problem.  The  highly  fractured 
formations  occurring  frequently  from  9.  600  feet  to  total  depth  resulted 
in  coring  difficulties,  and  a  reduction  in  the  desired  number  of  drill  stem 
tests  as  well  As  lost  circulation  problems.  The  quartzitic  nature  of  the 
rocks  below  9,  600  feet  resulted  in  slow  penetration  necessitating  the  use 
of  a  large  number  of  drill  collars  to  achieve  high  drilling  weights,  h.gh 
bit  consumption  and  high  frequency  cf  roundtrips  to  great  depths  with  the 
drill  string.  Com'jinations  of  the  above  adverse  drilling  factors  resulted 
in  the  necessity  of  setting  the  8  5/8-inch  long  string  of  casing  at  11,  171 
fe<>t  instead  of  11,  400  feet.  This  in  turn  necessitated  setting  a  3  '/2-inch 
liner  ir  the  open  hole  below  the  8  5/8-inch  casing  for  which  no  provision 
was  made  in  the  original  program. 

During  the  drilling  of  the  well,  all  formations  were  critically 
examined,  and  where  possible,  those  showing  any  potential  as  injection 
reservoirs  were  cored  and  drill  stem  tested.  A  total  of  659  teet  of 
formation  were  cored  and  14  formation  tests  were  attempted.  The  injection 
reservoirs  with  the  greatest  indicated  potenti. '  to  accept  fluids  were  found 
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below  9)  600  feet  in  fractured  portions  of  the  Lyons  and  Fountain  formations 
and  in  the  pre -Cambrian  rocks. 

To  accommodate  the  specified  injection  volume  of  400  to  300 
gallons  per  minute  at  2,  000  psi  surface  injection  pressure  and  to  isolate 
effectively  the  potential  injection  reservoir  from  shallow  fresh  water¬ 
bearing  beds.  20-inch  casing  was  set  at  133  feet;  i3  3/8-inch  casing  at 
2,  020  feet;  8  3/8-inch  casing  at  11,  17i  feet,  and  a  3  1/2-inch  liner  placed 
from  1  *,  007  feet  to  1  1,  973  feet.  To  Insure  complete  isolation,  each 
string  of  casing  was  sheathed  with  cement  for  its  entire  length,  injection 
of  fluids  is  made  through  3  i/2-inch  tubing  set  in  a  packer  at  8,  998  feet. 

The  well  was  completed  with  the  open  hole  section  in  the  fractured 
pre-Cambrian  rocks  from  i  1,  975  to  12,  045  feet  serving  as  the  present 
injection  zone.  Prelin. inary  injection  tests  showed  the  zone  to  be  capable 
of  initially  accepting  the  desired  volumes  of  fluid. 
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DESIGN  CONSIDERATIONS 


INTRODUCTION 

Diapotal  of  waste  fluids  from  chemical  plants  at  the  Rocky  Mountain 
Arsenal  was  first  recognized  as  a  problem  of  major  consequence  when  it 
was  found  tlrat  unsealed  evaporation  pits  permitted  leakage  into  shallow 
aquifers,  contaminating  an  important  water  supply  near  the  surface.  In 
order  to  meet  this  emergency  the  Chemical  Corps  of  the  U,  S,  Army  scaled 
a  large  earthen  pond,  designated  as  Pond  F  (See  Figure  i  for  location) 
and  commenced  accumulating  waste  effluent  into  it.  The  rate  at  which  the 
waste  material  accumulated  exceeded  the  rate  of  evaporation  to  the  extent 
that  the  capacity  of  Pond  F  was  expected  to  be  reached  in  late  1961.  Alter¬ 
native  methods  for  handling  these  waste  fluids  on  a  more  permanent  basis 
in  the  future  were  considered  by  the  Chemical  Corps,  and  it  was  decided 
to  drill  a  deep  pressure  injection  disposal  well  near  Pond  F.  The  design 
and  drilling  of  this  well  were  assigned  to  the  U,  S,  Army  Corps  of  Engineers, 
Omaha  District. 

The  feasibility  of  disposing  of  chemical  waste  fluids  from  industrial 
plants  and  refineries  into  subsurface  reservoirs  has  been  well  established. 

It  is  not  uncommon  to  seek  suitable  injection  reservoirs  at  depths  approach¬ 
ing  7,  500  feet  although  the  preponderance  of  wells  drilled  specifically  for 
this  purpose  has  been  considerably  shallower. 
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The  deiign  and  drilling  of  a  disposal  well  at  the  Rocky  Mountain 
Arsenal  involved  broad  adaptations  of  techniques,  practices,  and  equip¬ 
ment  employed  in  the  petroleum  industry.  In  like  manner,  the  identification, 
evaluation,  protection,  and  testing  of  potential  injection  reservoirs  In  the 
well  required  the  application  of  drilling  technology,  petroleum  engineering, 
ajid  geological  practices  developed  in  the  petroleum  industry. 

The  Corps  of  Engineers,  therefore,  engaged  the  consulting 
pc trolcum  engineering  firm  of  £.  A.  Polumbus,  Jr.,  and  Associates,  Inc., 
under  an  Architect  Engineer  type  contract  (Contract  No.  DA*25-066“eng~ 
6033)  to  design  the  injection  well,  supervise  the  drilling,  provide  the 
necessary  engineering  and  geological  services,  and  manage  the  project. 

The  basic  design  specifications  were  to  locate,  evaluate,  and  provide 
access  through  a  well  bore  to  an  underground  reservoir  or  reservoirs  near 
Pond  F,  The  underground  storage  facilities  were  required  to  be  capable 
of  accepting  partially  treated  waste  fluids  for  a  number  of  years  at  rates 
up  to  800  gallons  pe  '  minute  at  a  maximum  surface  injection  pressure  of 
2,  000  psi. 

The  proposed  design  for  the  Rocky  Mountain  Arsenal  Pressure 
Injection  Disposal  Well  was  presented  in  the  "Final  Design  Analysis"  sub¬ 
mitted  to  the  U.  S.  Army  Corps  of  Engineers,  Omaha  District,  by  E,  A, 
Polumbus,  Jr.,  and  Associates,  Inc,,  on  July  5,  I960, 
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OBJECTIVE  DISPOSAL  RESERVOIRS 


Eight  geologic  formatioadi  or  unite,  underlying  the  Arienal  grounds 
were  considered  as  possible  injection  reservoirs.  These  are:  the  Hygiene 
sandstone,  the  Codell  sandstone,  the  "J''  sandstone,  the  Dakota  sandstone, 
the  Lakota  sandstone,  the  Morrison  formation,  the  Lyons  formation,  and 
the  Fountain  formation.  The  preliminary  estimates  indicated  that  a  complete 
penetration  of  the  Fountain  formation,  terminating  in  pre'Cambriau  rocks, 
would  require  the  drilling  of  an  11,  400  foot  well. 

CASING  AND  HOLE  PROGRAM 

The  casing  and  hole  program  sot  forth  in  the  Final  Design  Analysis 
it  summarized  as  follows: 


Depth 

Hole  Size 

Casing  Size 

Tubing  Size 

125' 

24  " 

20  " 

2,000« 

17  1/2" 

13  3/8" 

11,400' 

11  " 

8  5/8" 

9.  865' 

5  i/2" 

Since  the  exact  depths  of  the  formations  or  the  exact  reservoir  to 
be  used  for  injection  would  not  be  known  in  advance,  the  program  was 
based  on  setting  the  long  string  of  casing  to  the  predicted  total  depth  at 
the  top  of  the  pre -Cambrian  rocks  with  the  tubing  set  at  the  top  of  the 
Fountain  formation. 

The  selection  of  3  1/ 2-inch  tubing  involved  equating  horsepower 
requirements  as  related  to  capital  investment  and  operating  coats  of 
surface  plant  facilities  versus  well  costs  for  the  different  casing  programs. 


»  *  »  <‘L  L'WfiU  • 


I.  ’  f  • 


The  basic  epecifications  regarding  injection  rates  and  pressures  versus 
the  pressure  drop  in  the  tubing  were  4n  integral  part  of  these  con  aide  rations. 

The  selection  of  5  l/2>inch  tubing  as  the  injection  string  established 
the  requirement  for  8  5/8-inch  casing  when  the  various  mechanical  limita¬ 
tions  and  tolerances  were  considered.  The  use  of  8  S/S-ineb  casing  in  turn 
dictated  the  need  for  drilling  an  11 -inch  hole. 

The  program  requiremcota  for  the  13  3/ 8-inch  and  20-inch  caainga 
likewise  reflected  the  basic  requirement  for  S  1/ 2-inch  tubing  when  all 
mechanical  factors  and  an  allowance  for  flexibility  of  the  program  were 
considered. 

Since  contamination  and  potential  contamination  of  shallow  potable 
water  bearing  sands  with  waste  effluent  was  one  of  the  principal  factors 
influencing  the  decision  to  drill  the  Arsenal  well,  precautions  against 
similar  contamination  in  the  well  itself  were  taken.  Thus,  to  prevent 
migration  of  waste  fluids  from  lower  injection  horisons  into  the  shallow 
sands  through  the  annulus  between  the  well  bore  and  the  casing,  a  program 
of  placing  cement  behind  each  string  of  casing  from  the  casing  shoe  to 
the  surface  of  the  ground  was  adopted, 

MUD  PROGRAM 

The  anticipated  geologic  section  included  a  long  shale  interval  from 
the  surface  to  approximately  8,  200  feet,  stratigraphically  above  the  princi¬ 
pal  objective  disposal  reservoirs.  With  the  overall  economics  of  the 
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diapotal  projoct  aa  a  dominating  InHuencci  a  mud  program  waa  deaigned 
that  within  practical  limita  would  prevent  this  shale  section  Irom  awelling 
and  caving  during  the  long  period  it  would  be  estposed  while  drilling  and 
extensively  testing  the  lower  potential  injection  reservoirs.  The  mud 
program  was  doaignod  also  to  minimize  damage  to  potential  injection  zonca. 
EVALUATION  PROGRAM 

A  more  elaborate  program  of  coring,  drillstcm  testing,  electric 
logging,  and  other  data  accumulation  waa  necessary  in  the  Rocky  Mountain 
Araoual  well  than  is  normally  followed  in  a  well  drilled  for  the  sole  pur¬ 
pose  of  obtaining  hydrocarbon  production.  The  Arsenal  well  not  only 
required  the  identification  of  any  hydrocarbon  bearing  beds,  in  order  to 
avoid  contamination  wltl)  waste  waters,  but  also  required  the  gathering 
of  data  on  all  zones  offering  injection  possibilities.  All  potential  reservoir 
rocks  had  to  be  identified  and  evaluated  as  drilling  progressed  since  this 
was  a  singular  operation  that  could  neither  bo  repeated  nor  could  informa* 
tion  be  substituted  from  other  wells,  because  of  the  remoteness  of  previous 
drilling  operations  in  the  area. 

An  examination  of  the  cuttings  samples,  the  various  electric  logs, 
the  mud  log  record,  and  the  drilling  records  were  programmed  to  provide 
full  coverage  of  the  total  interval  of  the  well.  For  special  evaluation  of 
zones  of  particular  interest  fifteen  cores  totalling  750  feet  of  section  and 
fourteen  drillstem  tests  were  scheduled. 
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STRATIGRAPHIC  GEOLOGY 


1 


GEOLOGY 

The  following  diicuaaion  ia  confined  to  baaic  geologic  conside  ratlona 
regarding  the  regional  geology,  as  well  aa  the  atratigraphlc  relatlonahipa 
and  lithology  of  the  strata  which  were  encountered.  More  detailed  discus - 
alone  of  physical  geologic  data  and  the  application  of  these  data  to  the 
problema  in  selecting  injection  reaervolrs  are  Included  in  the  section  of 
this  report  entitled  "Prospective  Injection  Reservoirs.  " 

REGlON/iL  GEOLOGY 

The  Rocky  Mountain  Arsenal  Pressure  Injection  Disposal  Well  was 
drilled  approximately  12  miles  northeast  of  the  city  of  Denver,  Colorado, 
(Figure  2).  It  is  situated  a  short  distance  to  the  east  of  the  axis  of  the 
Oenver>Julcsburg  Basin.  As  determined  from  surface  geological  obser¬ 
vations,  shallow  and  deep  well  drilling,  and  geophysical  surveys,  the 
Denver -Julesburg  Basin  is  a  north-south  trending  "trough  '  or  asymmetrical 
synclinc.  Strata  which  are  exposed  along  the  mountain  front  dip  steeply 
eastward.  On  the  east  flank  of  the  basin,  the  strata  dip  gently  westward 
from  the  plains  of  Nebraska  and  eastern  Colorado.  As  shown  on  Figure  3 
the  disposal  well  lies  near  the  structurally  lowest  part  of  the  basin,  and 
where  the  greatest  thickness  of  sedimentary  ro.;ks  is  known  to  be  present. 

The  Front  Range  of  the  Rocky  Mountains  came  into  being  near  the 
close  of  the  Cretaceous  period.  As  the  mountains  were  formed,  the 
mountain  block  was  elevated  and  thrust  eastward  over  the  sediments  of 
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the  adjacent  plains,  The  Cretaceous  and  older  sedimentar/  rocks  of  the 
basin  are  thus  separated  from  the  pre >Carrb rian  crystalline  rocks  of  the 
mountain  uplift  by  a  fault  of  system  of  faults  which  extends  from  Canyon 
City,  Colorado,  northward  to  the  Wyomlng-Colorado  state  boundary  and 
beyond.  At  places,  the  stratigraphic  displacement  along  this  fault  exceeds 
10,  000  feet.  The  diagrammatic  cross  sections  (Figures  4  and  4A)  show 
the  structure  at  the  mountain  front  and  the  relationship  between  the  subsur¬ 
face  rocks  at  the  Arsenal  well  and  the  strata  which  are  exposed  at  the 
mountain  front, 

STRATIGRAPHIC  GSQLOGY 

As  the  well  was  being  drilled,  samples  of  drill  cuttings  were  taken 
from  the  mud  stream,  washed,  and  saved  at  ten  foot  or  lesser  intervals. 
Rock  cores  were  also  cut  at  selected  intervals.  The  sample  cuttings 
were  immediately  examined  with  a  binocular  microscope  and  under  fluore¬ 
scent  light  by  the  well -site  geologist.  Detailed  lithologic  descriptions  of 
the  sample  cuttings  are  presented  in  Volume  III  of  this  report.  The  lithology 
of  the  cores  is  described  with  the  samples,  and  also  in  Table  2  of  Volume  1. 

Data  froni  the  samples  and  cores,  together  with  interpretations  of 
electric  and  drilling  time  logs,  provide  fundamental  information  regarding 
the  character  and  thickness  of  Che  formations  penetrated  in  the  well.  The 
names  and  depths  of  the  formations  penetrated  are  shown  on  Table  1, 

Brief  descriptions  of  the  character  of  these  formations  are  given  in  the 
following  paragraphs; 
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Tho  aurfaco  aecltmcnta  at  the  well  site  are  recent  soils  which  form 
a  thin  cover  over  windblown  sands  and  water-laid  gravels  and  shales  of 
Pleistocene  Ags»  Below  tho  Plciitoccnc  sediments  is  a  series  of  poorly 
consolidated  sandstones,  arkoses.  and  dark  gray  shales  of  early  Tertiary 
and  latest  Cretaceous  Ago,  These  materials  comprising  these  beds  were 
derived  in  a  large  part  from  the  rocks  which  were  eroded  from  the  uplifted 
mountain  block  which  lay  to  the  west.  The  rock  debris  was  carried  east¬ 
ward  by  flowing  streams  and  was  deposited  in  lakes  and  low  lands  cast  of 
the  mountains.  These  sediments  are  called  the  Arapahoe  Formation,  and 
witli  the  surface  and  Pleistocene  beds  comprise  the  uppermost  460  feet  of 
strata  drilled  in  the  well. 

Tho  Laiamic  Formation  of  Upper  Cretaceous  Age  was  penetrated 
in  the  disposal  well  between  460  and  1,  250  feet  in  depth.  It  is  composed 
of  interbedded  fine  gray  sandstones  and  dark  gray  anc  carbonaceous  slialcs 
and  ome  coal  beds.  The  Laramie  Formation  grades  downward  into  the 
Fox  Hills  Formation  which  was  found  between  1,  25w  and  1,  480  feet  in 
depth.  The  Fox  Hills  Formation  is  principally  a  buff,  friable,  porous 
sandstone  with  some  sandy  shale  and  clay  shale,  'I'ho  Fox  Hill-;,  together 
with  the  sandstones  which  occur  in  the  overlying  sediments  arc  important 
sources  of  potable  water  in  the  vicinity  of  the  Arsenal  and  the  city  of  Denver, 

Immediately  below  the  sandstones  which  yield  fresh  potable  water 
(surface  to  1,  480  feet),  there  is  a  thick  series  of  relatively  impermeable 
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!i hales  and  limey  shales  of  Cretaceous  Age.  Vhesc  strata  effectively 


segregate  the  shallow  water-bearing  tianiJet4:.es  from  deeper  porous  strata 
into  which  waste  fluids  may  be  injected  in  the  future.  Between  the  depths 
of  1, 480  feet  and  d,  485  feet  in  the  Arsenal  well,  the  Pierre  shale  (1.  480 
to7,  7l0ft. ),  the  Niobrara  shale  17,710  to  8,  078  ft.  )  and  the  Carlile  shale, 
the  Greenhorn  limestone,  and  the  Crane ros  shale  (8,  078  to  8,  485  ft, ) 
constitute  an  impervious  barrier  separating  the  water  sandstones  and  the 
potential  injection  reservoirs. 

The  Pierre  shale,  6,  230  feet  in  thickness,  is  principally  a  black  to 
dark  gray  shale  of  marine  origin.  At  a  depth  of  5,448  feet  in  the  Arsenal 
well,  the  Hyfjiene  sandy  zone  was  encountered.  This  zone  at  the  Arsenal 
location  is  represented  by  a  shalcy  sand  of  low  permeability  and  porosity. 
The  Niobrara  shale  is  calcareous  or  chalky,  light  gray  to  gray  in  color 
and  368  feet  thick.  The  Carlile  sliale  is  darker  in  color  and  less  calcareous 
than  the  Niobrara;  the  Greenhorn  limestone  is  dense,  shaley,  and  gray  to 
brown  in  color;  the  Grancros  shale  is  black,  micaceous,  and  contains  thin 
beds  of  bentonite  near  the  base.  These  latter  three  formations  arc  all 
marmc  in  origin  an'^  aggregate  407  feet  in  thickness  in  the  Arsenal  well. 
They  are  sometimes  considered  as  a  unit  and  are  then  called  the  'Benton 
Formation.  '  The  Codell  sandstone,  which  is  known  to  be  erratically 
developed,  was  missing  in  the  well. 

The  "J"  sandstone,  the  principal  oU  producing  sandstone  of  the 
Denver  Bauin,  was  tiie  first  of  the  objective sandstonesencountered  which 
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showed  any  aignificrmt  developtnent.  In  the  Arsenal  well  It  occurs  in  the 
interval,  6,  485  tc  8,  605  feet,  immediately  underlying  the  Crane ros  shale. 
The  upper  45  feet  oi  this  unit  consists  of  .juartzitlc  sandstone  showing  very 
slight  nil  staining.  The  remaining  part  of  the  J"  was  found  to  be  irregularly 
bedded  and  intermixed  fine  grained  quartzitic  saxidstone  and  dark  gray 
shale,  immediately  below  the  "J"  sandstone  is  a  dark  gray  marine  shale 
unit.  Z8  feet  in  thickness,  called  the  Skull  Creek  Shale. 

The  Dakota  and  Dakota  sandetones  which  were  penetrated  between 
8,  623  and  8-  786  feet  underlie  the  Skull  Creek  shale  and  are  the  lowermost 
units  of  Lower  Cretaceous  Age.  The  upper  sandstone  (Dakota)  is  of  fine  to 
medium  grain  size  and  is  hard  to  quartzitic.  It  is  separated  from  the 
Dakota  sandstone  by  black  shales  and  thin  sandy  strata.  The  Dakota  sand¬ 
stone  is  56  feet  thicx  and  is  a  fine  grained  gray,  quartzitic  sandstone  which 
grades  downward  into  a  somewhat  sandy  oark  gray  bentonite  shale.  These 
two  sandstones  are  oil  productive  in  the  northern  portion  of  the  Denver 
Basin,  but  are  unproductive  in  the  vicinity  of  the  Arsenal  well. 

The  Morrison  Formation  of  Jurassic  Age  lies  below  the  Dakota  and 
was  penetrated  in  the  Arsenal  well  between  8,  786  and  8,  972  feet.  It  is 
composed  of  black,  red,  and  green  shales,  with  a  few  beds  of  limestone, 
hard  white  sandstone,  and  anhydrite.  The  Morrison  does  not  produce  oil 
or  gas  in  the  Denver  Basin. 

The  Lykins  Formation  is  Triassic  in  Age,  It  underlies  the  Morrison 
at  dsptbs  of  8,  972  to  9,  5^2  feet.  The  predominant  lithology  of  the  Lykins 
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i»  reddish  silty  shale.  A  15-foot  bed  of  fine  grained  quartzitic  sandstone 
occurs  at  the  top  of  the  formation,  and  at  the  base  there  is  an  80-foot 
section  of  interbedded  anliydritu.  dolomite,  and  red  silty  shale. 

The  Lyons  Formation  of  Permian  Age  is  190  feet  thick  in  the  Arsenal 
well.  It  was  penetrated  between  9.  58Z  and  9.  772  feet.  The  cores  and 
cuttings  samples  showed  it  to  consist  of  fine  grained,  well  cemented  to 
quartzitic,  orange  colored  sandstone  interbedded  with  red  to  maroon  shale. 
Some  of  the  sandstone  cores  exhibited  cross -bedding.  Numerous  fractures 
were  observed  in  the  cores. 

The  Fountain  Formation  of  Pennsylvanian  Age  is  2,  108  feet  thick 
in  the  Arsenal  well.  It  was  penetrated  in  the  interval  9.  772  to  11.  860 
feet.  The  uppermost  110  feet  of  this  formation  consists  of  fine  grained, 
feldspathic  sandstones,  siltstoncs,  and  maroon  shales.  Below  this  inter¬ 
val  the  sediments  arc  primarily  arkosic  sandstones,  grits,  and  pebble 
conglomerates  which  arc  irregularly  interbedded  with  shales  and  silty 
shales,  all  red  to  reddish  brown  in  color.  The  elastics  arc  cemented 
by  calcareous  material,  by  clay,  or  by  a  combination  of  both.  Cores 
taken  in  the  Fountain  Formation  revealed  the  presence  of  fracturing. 
Immediately  below  the  Fountain  Foi  aiation,  a  Regolith  or  "fossil  soil"  zone 
was  penetrated  from  11,  880  to  11,895  feet.  The  regolith  is  composed 
primarily  of  weathered  maroon  to  dark  brown  shale  with  a  brown,  fractured, 
quartzite  bed  forming  the  basal  foot.  The  regolith  is  interpreted  as  being 

the  ancient  land  surface  upon  which  the  Fountain  Formation  was  deposited, 
(Figure  5) 
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fietween  the  base  of  the  regolith  and  the  top  of  the  rocka  which  were 
identified  aa  pre -Cambrian  { }  693  to  11,  950  feet)  the  re  ie  a  53 -foot 

section  of  ^aartz  conglomerate,  purple  shale  and  pink  dolomite  whose  age 
is  not  as  yet  definitely  determined.  Lithologic  comparison  with  rocks  of 
similar  stratigraphic  position  which  crop  out  in  the  Colorado  Springs  region 
indicates  that  the  strata  in  juestion  are  Ordovician  (?)  or  Cambrian  (?)  in 
age.  The  presence  of  these  beds  in  the  Arsenal  well  represents  the 
northernmost  known  occurrence  of  Paleozoic  sediments  older  than  the  pre- 
Fountain  regolith  along  the  west  flank  of  the  Denver  Basin. 

The  pre -Cambrian  rocks  penetrated  in  the  well  are  of  two  types -- 
the  uppermost  rock  which  was  drilled  from  1  <,  950  to  1  i.  970  feet  has  the 
characteristics  of  aweathered  schist. (Figure  5)  In  the  drill  cuttings,  it 
has  the  appearance  of  a  bright  green  shale  containing  an  abundance  of 
copper-colored  mica  and  clay  minerals.  Immediately  below  the  weathered 
achist,  -irom  11,  970  feet  to  12,  045  feet  which  is  the  total  depth  of  the  well, 
a  crystalline  rock  identified  as  pre-Cambrain  hornblende  granite  gneiss 
containing  an  intrusive  pegmatite  was  drilled  and  cored.  A  core  taken  in 
the  gneiss  section  showed  vertical  fracturing. 
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PHYSICAL  OPERATIONS 


CHRONOLOGICAL  SYNOPSIS 

When  reviewed  in  ite  entirety,  the  drilling  o[  the  Rocky  Mountain 
Arsenal  Pressure  Injection  Disposal  Well  was  a  complex  operation.  In 
order  to  facilitate  an  understanding  of  the  inter- relationships  of  various 
phases  of  the  operation  that  are  discussed  separately  in  other  sections  of 
this  report,  a  brief  historical  chronology  highlighting  important  events 
and  developments  from  inception  to  completion  of  the  project  is  set  forth. 
Further  clarification  may  be  facilitated  by  frequent  reference  to  two  illus¬ 
trations.  The  first  is  the  frontispiece,  which  is  a  schematic  drawing  of 
the  well.  The  second  is  a  graphical  representation  of  the  drilling  history, 
included  as  Figure  6,  Another  suggested  reference  ie  the  detailed  record 
of  each  day's  operations  included  as  a  complete  chronological  log  in 
Volume  IL 

Operations  Prior  to  Drilling 

£.  A.  Polumbus,  Jr.,  and  Associates,  Inc.,  was  first  retained  by 
the  U.  S.  Army  Corps  of  Engineers,  Omaha  District,  in  December,  1939, 
to  prepare  a  preliminary  design  analysis  for  a  deep  well  waste  disposal 
project  for  the  Rocky  Mountain  Arsenal  to  be  used  as  a  feasibility  study. 
The  preliminary  design  report,  released  January  6,  I960,  included  both 
the  injection  well  and  treatment  plant  facilities.  Subsequent  to  receipt  of 
this  preliminary  report,  the  overall  project  was  divided  into  two  parts  for 
purposes  ot  final  design.  The  treatment  plant  final  design  was  assigned 
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to  A«  J.  Ryaa  aad  Aaaoclatoa  of  Denver*  Colorado.  The  final  deaign  of 
the  preaaure  injection  well  waa  aeeignod  to  £.  A.  Polumbue,  Jr.,  and 
Aeaociatefli  Inc.  *  January  25,  i960,  under  contract  No.  DA.25-066-eng- 
6033.  Thla  contract  provided  not  only  for  the  final  doaijfn  of  the  injection 
woU.  but  aiao  included  a  proviaion  requiring  E.  A.  Polumbue,  Jr,  *  and 
Asaociatos.  lnc.<  to  aupcrviae  the  di-lUing  of  the  well,  render  the  nocesaary 
engineering  and  geological  aorvicea  during  the  conatructlon  pht^.ae. 
manage  the  project. 

Concurrent  with  the  preparation  of  the  final  design  report.  C.  A. 
Polumbus.  Jr.,  and  Aaaoclatea,  Inc.,  also  prepared  detailed  drilling 
specifications  and  drilling  contract  details  which  became  a  part  of  the 
Invitation  For  Bids  (Construction  Contract)  issued  to  drilling  contractors. 
Additionally,  tlie  easing  design  requirements  were  prepared  in  advance  for 
the  Invitation  Bid  and  Award  (Supply  Contract)  forms  issued  by  ‘^he  Corps 
of  ^Engineers  to  juppliers  of  tubular  goods.  The  “Final  Design  Analysis^* 
veport  waa  submitted  to  the  Corps  of  JEIngineers  on  July  5,  I960. 

On  November  17.  i960,  the  first  bid  invitation  was  extended  to 
drilling  contractors  and  was  based  upon  a  footage  type  contract  to  6.  576 
feet  followed  by  day>work  to  total  depth.  Bids  received  in  response  to  this 
invitation  were  unsatisfactory,  and  the  Polumbus  firm  was  called  upon  to 
arrive  at  a  basis  that  would  encourage  more  acceptable  bidding.  A  second 
Invitation  For  Bidi  was  issued  on  December  28,  I960,  based  on  a  day-work 
typo  contract. 
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The  firvt  itiuance  o(  lavlUUon  Bid  and  Award  (Supply  Coatract) 
for  tubular  good*  occurred  on  Nfovombar  lO,  i960*  This  bid  wa»  tubve- 
quently-  caacciled  and  a  new  bid  iavltattoa  for  futniahiag  tubular  gooda  wa« 
lasued  December  1,  i960*  The  opening  date  of  the  final  bid*  for  the  drilling 
contract  waa  January  26*  1961*  The  drilling  contract  waa  awarded  to 
Doffland  Brothers  Company*  Contract  No*  DA- 6724*  and  the  required  spud 
date  for  commencement  of  drilling  operations  on  the  Rocky  Mountain  Arsenal 
Pressure  Injection  Disposal  Well  was  March  15*  1961. 

Representatives  of  the  Poiumbus  firm  attended  all  Bid-opening 
sessions  for  the  purpose  of  assisting  the  Corps  of  Engineers  in  the  analysis 
and  evaluation  of  bids  submitted* 

On  February  13*  1961.  Loffland  Brothers  Company  received  notice 
to  proceed*  This  immediately  launched  a  series  of  operations*  including 
preparation  of  surface  location*  roads*  and  mud  pits*  laying  water  line 
and  moving  in  the  drilling  equipment.  The  location*  officially  surveyed 
on  March  4,  was  previously  selected  by  the  Rocky  Mountain  Arsenal  per¬ 
sonnel  northe<B  ,  Pond  F  at  a  sufficient  distance  to  provide  room  for 
the  treatment  plant  facilities  between  the  pond  and  the  well  site* 

"Rigging  up"  operations  which  commenced  March  1  proceeded  under 
adverse  weather  conditions  and  delayed  the  spudding  of  the  well  until 
3:45  a«m.  March  10*  1961* 

Preparatory  to  spudding  and  throughout  the  course  of  the  operations* 
D.  A.  Poiumbus*  Jr.,  and  Associates,  Inc.,  handled  the  customary  notices 
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of  intontloii  to  drills  permits^  and  report*  to  the  •Ute  of  Colorado  ragulatory 
hodle*  dealing  with  th*  drilling  of  well*. 

Drilling 

Surface  to  Intermediate  Caaing  Point  (2,  020  feet} 

A  12  l/2*inch  hole  wa*  driliad  to  139  feet  and  reamed  to  a  24-inch 
diameter.  The  20-inch  aurface  caaing  waa  cemented  at  135  feet.  Sufficient 
cement  waa  employed  to  provide  a  cement  aheatli  from  the  bottom  of  the 
caaing  to  the  aurfaco, 

A  12  1/2-iach  hole  waa  then  drilled  to  a  depth  of  2,  030  feet.  An 
Induction-Electric  Log  and  MicroLog  were  run  In  the  open  hole  interval. 

The  hole  waa  than  reamed  to  17  1/2  inchca.  On  Idarch  18  the  13  3/ 8 -inch 
caaing  waa  cemented  at  2,  020  feet.  Sufficient  cement  waa  uaed  to  completely 
fill  the  annular  apace  between  the  casing  and  the  formation  from  the  caaing 
shoe  to  the  aurfacc, 

Thi*  upper  portion  of  the  hole  was  drilled  with  a  gel  chemical 
type  mud. 

Intermediate  Casing  Point  to  "J"  Sandstone  (8,485  feet) 

After  converting  the  mud  system  to  Driscose  Condet  mud,  drilling 
proceeded  with  an  11-inch  hole  being  cut.  At  this  time,  the  Baroid  mud 
logging  unit  waa  placed  in  operation. 

In  the  drilling  from  2,  020  feet  to  the  top  of  the  "  J"  sandstone  at 
8,  485  feet,  11,9  net  drilling  daya  were  consumed  (Figure  6)  which 
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roprotenta  oa  average  penetration  rate  of  S43  feet  per  net  drilling  da/. 

Thli  waa  done  in  the  March  2  3  to  April  7  period. 

While  drilling  at  6,  OOO  foot,  a  twlat-off  occurred  in  the  4  i/2-incb 
drill  pipe  imxtiodlaui ly  above  the  drill  collar  aesembly.  The  fiah  wae 
recovered  in  10  1/2  hours  and  drilling  whs  resumed,  AdjuAtments  in 
rotary  apeed  and  other  techniques  wore  made  to  avoid  a  rc -occurrence. 

This  was  the  only  fishing  Job  for  drill  pipe  during  tiic  entire  course  of  the 
drilling  operation. 

The  fiaroid  mud  logging  unit  recorded  a  number  of  gas  'kicks"  in 
the  Niobrara  formation  which  are  typical  throughout  the  Denver- Julosburg 
Basin, 

"J"  Sandstone  to  Top  of  Lyons  Formation  (9«  582  feet) 

The  drilling  of  an  11-inch  hole  continued  through  the  1,  097-foot 
intorval  from  the  top  of  the  "J"  sandstone  to  the  top  of  tho  Lyons  formation. 
This  was  penetrated  in  the  April  8  to  May  3  period.  The  drilling  and  coring 
consumed  19.  4  net  drilling  days,  equivalent  to  an  average  penetration  of 
87  feet  por  day,  (Figure  6) 

Five  cores,  two  in  the  "J"  sandstone  and  throe  in  the  Dakota  sand¬ 
stone  were  cut  In  this  IntervaL  Slight  oil  staining  was  noted  in  the  upper 
portion  of  the  "J"  sandstone. 

Two  drill  stem  tests  in  this  intorval  recovered  only  small  amounts 
of  slightly  gas  cut  mud.  These  tests  covered  the  cored  portion  of  the  "J" 
sandstone  and  from  near  the  top  of  the  Dakota  sandstone  into  the  Morrison 
formation. 
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Of  interest  is  the  fact  that  the  actual  rig  time  from  spudding  the 
well  to  reaching  the  top  of  the  L/ons  formation  at  9«  582  feet  exclusive  of 
shut-down  time  for  mechanical  repairs  to  the  rig,  was  within  one  day  of 
the  time  forecast  in  the  design. 

Top  of  Lyons  Formation  to  Bottom  of  U  *  Hole  (11,225  feet) 

In  the  period  from  May  3  to  July  21.  the  1 1 -inch  hole  was  drilled 
and  cored  from  the  top  of  the  Lyons  formation  to  11.  225  feet  in  the  Fountain 
formation,  the  top  of  which  was  encountered  at  9.  772  feet.  Hole  difficulties 
in  the  nature  of  key  seating  and  lost  circulation  made  advisable  the  setting 
of  the  8  5/8-inch  casing  at  11,171  feet. 

The  drilling  and  coring  of  this  1,  843-foot  interval  consumed  47.  3 
net  drilling  days.  This  is  an  average  penetration  of  35  feet  per  day. 

Both  the  Lyons  and  Fountain  formations  were  found  to  be  exceptionally 
hard,  which  coupled  with  the  presence  of  fracturing  presented  complex 
problems  in  drilling  and  coring. 

In  this  interval,  fourteen  instances  of  lost  circulation  were  noted. 

The  mud  losses  per  instance  ranged  from  minor  amounts  to  1.  350  barrels. 
Since  it  was  believed  that  the  mud  losses  occurred  in  fractured  zones, 
an  oilfield  technique  for  "healing"  lost  circulation  zone  in  fractured 
formations  was  successfully  adopted.  This  involved  discontinuing  drilling 
and  mud  circulation,  spotting  a  batch  or  "pill '  of  lost  circulation  material 
at  the  bottom  of  the  bole,  and  allowing  the  well  to  set  or  "cure"  for  an 
8  to  12-hour  period, 
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Sixteen  cores  were  cut  In  this  InUsrval  o£  the  Lyons  aixd  Fountain 
formationG,  In  addition  to  lost  Nation  problems  the  combination  of 

hardness  of  the  rocks  and  fraci  g  caused  jamming  or  wedging  in  the 
core  barrel,  which  generally  preclu  .ud  the  cutting  of  full-length  SO-foot 
cores. 

The  combination  of  the  various  problems  wi-.q  such  that  a  modifica¬ 
tion  in  the  coring  and  testing  program  was  instituted.  Short  cores  at 
periodic  intervals  were  accepted  for  geological  examination  and  for 
determinations  of  physical  propei-ties.  Instead  of  testing  only  th  ored 
intervals,  the  drill  stem  testing  program  was  altered  to  attempt  complete 
coverage  of  the  section. 

Due  to  a  known  tendency  for  the  Lyons  formation  sandstones  to 
produce  fine  sand  into  a  wellbore  during  tests  and  the  presence  of  fractures, 
witli  the  consequent  risk  of  sticking  the  test  tool,  no  drill  stem  tests  were 
attempted  in  the  Lyons  formation.  One  test  with  the  Schlumberger 
Formation  Interval  Tester  was  unsuccessful  due  to  the  plugging  of  the 
tool  with  lost  circulation  material  in  the  mud. 

In  the  interval  from  the  top  of  the  Fountain  formation  to  II,  225 
feet,  eight  drill  stem  tests  were  run.  At  a  driller's  depth  of  9,  729  feet, 
an  Induction-Electric  log,  a  Sonic  log,  and  a  Microlog  were  run. 

Setting  of  8  5/ 8-inch  Casing  at  11,  171  Feet 

In  drilling  at  11,  178  feet  and  below,  tight  hole  and  bridges  in  the 
hole  were  encountered  in  addition  to  ihe  previous  difficulties  with  lost 
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circulAtian  and  the  extremely  hard  fractured  rock.  The  tight  hole  and 
bridging  problem  became  particularly  noticeable  when  the  hole  reached 
a  depth  of  11,  225  feet. 

The  deflection  of  the  hole  to  a  maximum  of  3  1/4  degrees  within 
the  6.700-foot  to  8,000-foot  interval  was  not  severe  or  excoptionat. 

However,  during  the  long  period  of  time  the  hole  was  exposed  to  frequent 
trips  with  the  drill  string,  a  groove  or  "keyseat '  was  worn  into  one  aide 
of  the  hole.  The  usual  techniques  were  followed  in  reaming  out  the  keyseat 
and  included  the  placement  of  a  reamer  and  keyseat  wiper  in  tlie  drill 
string. 

The  increased  hazard  represented  by  the  presence  of  a  keyseat 
coupled  with  the  previously  mentioned  considerations  led  to  a  decision  to 
set  the  8  5/8-inch  casing  when  the  depth  of  11,  225  feet  was  reached  rather 
than  at  11.  400  feet  as  originally  scheduled.  _ _  _  _ 

An  Induction-Electric  log  and  Sonic  log  were  run  at  the  11,225 
foot  depth.  Ihie  to  the  hazardous  condition  of  the  hole,  other  logging  was 
not  attempted. 

The  8  5/8-inch  casing  was  run  auid  set  at  11,  171  feet.  Cementation 
of  the  complete  annulus  from  the  casing  shoe  to  the  surface  was  accomplished 
by  a  three-stage  cement  operation. 


11,  225  Feet  to  Total  Der 


045  Feet) 


A  6  3/4-inch  hole  was  drilled  below  the  li-inch  hole  at  11,  225  feet. 


This  drilling  commenced  on  August  13  and  the  total  depth  of  the  hole. 


12,  045  feet,  was  reached  on  September  10,  1961. 
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Fifteen  net  drillinj$  were  consumed  in  drilling  and  coring 
this  820~foot  interval.  This  represents  an  average  penetration  rate  of 
55  feet  per  day. 

Eight  cores  were  taken  in  this  interval.  The  lowermost  core 
confirmed  that  the  well  had  reached  fractured  Pre 'Carobrian  granite. 

Three  drill  stem  tests  were  also  run. 

At  a  depth  of  11.985  feet,  an  Induction-Electric  log,  Sonic  log, 
Microcaliper  log  and  Temperature  log  were  run. 

Two  occurrences  of  lost  circulation  were  experienced  in  drilling 
this  final  section.  Both  occurred  below  the  top  of  the  Pre-Cambrian 
ro.ks  at  11,  950  feet.  From  this  it  was  interpreted  that  there  were  fractures 
in  the  Pre -Cambrian  granite  and  a  preliminary  injection  test  into  the  open 
hole  section  below  the  8  3/ 6-inch  casing  was  attempted.  This  was  not 
successful,  primarily  due  to  bridging  over  of  the  hole  at  numerous  points. 

Following  the  injection  test  attempt,  an  additional  60  feet  of  hole 
were  drilled  and  cored  to  tlie  total  depth  of  the  well  at  12,045  feet. 

A  5  1/2-inch  liner  was  cemented  at  11,  975  feet.  The  top  of  the 
liner  extends  into  the  8  5/ 8- inch  casing  to  a  depth  of  11,  007  feet. 

Completion  Activities 

After  cementing  the  5  1/2'Uich  liner  on  September  16  the  hole  was 
cleaned  out  to  total  depth,  and  an  injection  into  the  interval  11,  975-12,  045 
feet  was  made  with  the  rig  pumps  using  potable  city  of  Denver  water. 
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Addition&Uyi  a  radioactivity  log  was  run.  The  4  1/2-inch  drill  pipe  string 
was  used  in  conjunction  with  airluiing  equipment  in  tlie  attempt  to  obtain  a 
representative  sample  of  formation  fluid  and  reservoir  pressure  data. 

After  recovering  approximately  Z,  400  barrels  of  fluid  the  production  rate 
dropped  below  the  economic  limit  for  air  lift  operations,  and  it  was  decided 
to  install  conventional  pumping  equipment.  Formation  fluid  samples  are 
important  from  the  standpoint  of  compatability  studies  with  respect  to  the 
fluid  to  be  injected  into  the  reservoir. 

After  the  drilling  rig  moved  off  the  location,  a  pulling  unit  was  moved 
in  and  2  7/8-inch  tubing,  pump  and  rods  were  installed.  Pumping  operations 
were  conducted  from  October  10  to  November  27,  During  this  period 
approximately  2,  900  barrels  of  fluid  were  produced  from  the  well. 

From  the  air  lift  and  pumping  operations,  am  approximate  total  of 
5,  300  barrels  of  fluid  were  produced.  Although  the  plots  of  laboratory 
amalyses  did  not  show  the  assymptotic  condition  indicative  of  uncontaminated 
formation  fluid,  the  production  rates  had  declined  below  practical  limits 
and  the  pumping  operationswas  terminated. 

The  pump,  rods  and  2  7/8-inch  tubing  were  removed  and  the 
completion  wellhead  assembly  was  installed  on  November  30,  1961.  The 
casing  and  hole  details  of  the  completed  well  are  shown  in  Figure  7.  The 
final  wellhead  assembly  is  detailed  in  Figure  8. 
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This  buildiag  waa  alto  uaed  aa  a  diaplay  area  tor  well  progreaa  charta  and 
core  and  ditch  eample  diaplaya.  It  waa  equipped  with  telephone  aervicea 
through  the  Rocky  Mountain  Areenai  exchange.  A  mobile  trailerhouae  waa 
uaed  by  E.  A.  Polumbua.  Jr.,  and  Aaaociatee.  Inc.,  field  supervisory 
and  technical  personnel  as  an  engineering  field  office  and  a  field  laboratory 
for  examination  of  samples  by  the  geologists.  It  waa  alac  uaed  for  staff 
conferences  held  with  the  drilling  contractor  and  service  representatives 
as  occaaion  demanded.  In  order  to  assure  outside  communication  at  all 
times,  two  telephones  were  installed.  One  was  through  the  Arsenal  exchange 
and  the  other  was  tied  directly  into  the  Denver  telephone  exchange. 

Another  prefabricated  building  waa  installed  on  location  for  dry 
storage  of  cores  after  they  had  been  examined  and  boxed. 

Loffland  Brothers  Company  provided  a  house  trailer  for  their 
toolpusher's  use.  A  Baroid  mud  logging  unit  contained  in  a  special  trailer 
was  located  near  the  rig  shale  shaker  for  ready  access  to  mud  stream  and 
shale  shaker  samples.  For  operating  convenience  a  voice  communication 
system  from  the  unit  to  the  rig  floor  was  provided.  Water  for  the  drilling 
rig  and  other  location  requirements  was  obtained  from  the  Rocky  Mountain 
Arsenal  system. 
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PHYSICAL  OPERATIONS  (CON'T) 


PENETRATION 

Th«  drilling  anniyiia  chart  prepared  for  the  Rocky  Mountain  Areenal 
Prceaure  Injection  Diepoeai  Weil  (Figure  ^  )  provide#  an  accuratei  un¬ 
abridged  record  of  the  penetration  performance  and  ehowe  the  interrelation- 
ehipe  of  drilling  facto  re  influencing  penetration. 

The  principal  factore  influencing  penetration  rate  include  the  follow¬ 


ing; 

1.  Lithology, 

2.  Hole  eixe. 

3.  Drilling  technique:  weight  on  bit  and  rotation  epeed 
of  bit. 

4.  Mud  properties:  weight,  viecoeity,  filtrate  loaa, 
eolida  content. 

5.  Type  of  drilling  bit. 

6.  Hydraulics:  mud  circulation  rate,  pump  pressure  and 
sizes  of  drill  pipe,  drill  collars,  bit  nozzle  sizes,  etc. 

7.  Hole  deviation  limitations. _  _ 

The  foregoing  factors  associated  with  the  drilling  of  the  Arsenal 

well  are  depicted  graphically  and  numerically  on  the  drilling  chart.  The 
actual  penetration  performance  is  recorded  by  the  three  curves  relating 
depth  on  the  vertical  scale  and  days  from  spud  on  the  horizontal  scale. 

The  penetration  curve  on  the  left,  designated  "rotating  progress" 
is  composed  entirely  of  cumulative  rotating  on  bottom  time  and  therefore 
is  the  prime  curve  used  in  relating  the  various  drilling  factors  to  pene¬ 
tration. 
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The  curve  on  the  right  designated  '‘overall  drilling  progreet  " 
record!  the  depth  of  the  well  at  any  specific  lapse  of  time  from  spud. 
Explanacory  notes  and  symbols  placed  on  this  curve  give  the  important 
and  significant  events  related  to  the  drilling  history. 

The  middle  curve  denoted  as  "net  drilling  progress  curve"  is  com* 
posed  of  the  rotating  progress  time,  plus  trip  time  to  change  bits,  service 
the  rig,  drift  surveys,  and  normal  mud  mixing.  It  is  a  pure  drilling  opera¬ 
tions  curve  uninfluenced  by  time  consumed  in  dealing  with  lost  circulation, 
drill  stem  tests,  electric  logging  surveys,  fishing  operations,  running 
and  cementing  casing,  etc.  This  curve  is  used  principally  in  studying 
relative  penetration  performance. 

Table  4  it  an  analysis  of  the  drilling  and  coring  performance  in  the 
.Arsenal  well  prepared  from  the  net  drilling  progress  curve  of  Figure  6. 

The  following  sections  discuss  individually  those  intervals  in  the  well 
which  exhibited  distinct  drilling  characteristics. 
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Surface  to  "J"  Sandatonc  (Surface  -  8,  48S  feet> 


Thu  art  drilling  progreia  rate  from  the  eurface  to  the  top  of  the 
-‘J“  aandstdne  at  8,  4SS  feet  averaged  606  feet  per  day,  Coneidering  the  fact 
that  a  large  hole  waa  drilled  (  12  1/4‘lnch  to  intermediate  caaing  point  at 
Z,  030  feet  and  thereafter  1  i>inch  hole)»  the  greater  depth  at  ^hich  the  “J" 
aandatone  waa  encountered  compared  with  moat  wella  in  the  Denver  Baain 
and  the  uae  of  mud  inatead  of  water  in  the  upper  part  of  the  hole,  thia  pene¬ 
tration  rate  repreaenta  an  excellent  performance. 

During  penetration  of  the  section  to  the  top  of  the  "J"  aandatone, 
drilling  weights  were  progreasively  increaaed  from  33,000  to  60,  000 
pounda  while  rotation  speeds  were  adjusted  downward  from  200  rpm  to 
75  rpm  as  increased  depth  was  attained  and  drilling  weight  added.  Average 
hole  deflection  waa  less  than  1  1/2  degrees  with  the  exception  of  the  inter- 
vjU  6,  600  to  7,  900  feet  where  deviation  reached  a  maximum  of  3  1/4 
degrees. 

Rock  bits  used  in  penetrating  this  section  were  principally  OSC-3 
type  and  averaged  330  feet  per  bit. 

The  overall  drilling  progress  curve  (Figure  6)  shows  that  the  top 
of  the  "J  *  sandstone  was  reached  29  daya  after  spudding  the  well.  Refer¬ 
ence  to  the  operational  notes  on  this  curve  explains  the  spread  of  13  daya 
between  the  net  and  overall  drilling  progress  curves  as  attributable  to 
time  devoted  to  hoie  enlargement  operations  for  surface  and  intermediate 
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repaire  and  one  brief  fiahing  operation  due  to  a  drill  pipe  twiet-cff, 

“J"  Sendetone  to  the  Top  of  the  Lyone  (8,  485 '-9,  582') 

The  abrupt  redaction  in  net  drilling  progreat  rate  to  89  feet  per  day 
between  the  "J"  aandatone  and  the  top  of  the  Lyona  formation  at  9,  582  feet 
ia  characteriatic  of  the  Denver  baain  and  denotea  increaeing  hardneaa  and 
aand  content  in  the  aection. 

In  drilling  thla  portion  of  the  11 -inch  hole,  weighta  of  60,  000  to 
80,000  pounda  and  rotation  apeeda  of  55  to  60  rpm  were  employed.  The 
maximum  hole  deviation  approximated  11/2  degreea.  Bit  typea  ranging 
from  OSC-IC  to  W -TR  were  ueed.  The  drilled  footage  averaged  46  feet 
per  bit,  indicative  of  the  increased  hardneaa  of  thia  aection.  Mud  prop- 
ertiea  were  maintained  in  the  range  of  9.2  to  9.8  pounds  per  gallon  weight, 
52  to  78  seconds  viacoslty,  and  water  loea,  5.  5  to  8.  7  cc. 

The  overall  time  from  epud  required  to  reach  the  top  of  the  Lyons 
formation  at  9,  562  feet  was  54  1/2  days.  At  this  depth  the  spread  between 
net  and  overall  drilling  progress  curves  waa  approximately  21  days  com¬ 
pared  with  16  days  spread  at  the  top  of  the  "J"  sandstone.  This  increase 
divergence  between  Ihe  two  curves  was  the  result  of  two  drill  stem  tests, 
hole  conditioning,  circulating  samples,  rig  repairs,  and  fishing  operations 
for  rock  bit  cooes. 


-32- 


I  A  ^’OLUUltUSi  -iM  AMU  INt 


1 


Top  of  th<  Lyon»  to  thg  Top  of  the  FounUin  5ft2'-9i  772') 

The  190  feet  of  Lyons  formation  (9,  582  to  9>  772  feet)  consisting 
principally  of  exiremely  hard  quartzitic  sandstone  proved  to  be  much 
harder  in  character  and  more  difficult  to  penetrate  than  drilling  histories 
indicated  for  any  other  wells  reaching  this  formation  in  the  Denver  Basin. 
All  other  welle  which  have  reached  and  penetrated  the  Lyons  formation  in 
varying  amounts  have  been  located  in  considerably  shallower  portions  of 
the  Denver  Basin  than  the  Arsenal  welL  the  well  being  situated  in  approxi¬ 
mately  the  deepest  position  in  the  synclinal  trougu, 

One -half  of  the  Lyons  formation  was  cored  in  the  Arsenal  well,  and 
the  remaining  half  was  drilled;  the  net  drilling  penetration  rate  averaged 
28  feet  per  day.  All  hard  type  rock  drilling  bits,  principally  W-7R,  were 
used  for  which  the  drilled  footage  averaged  15  feet  per  bit. 

Drilling  weights  of  about  42,  000  pounds  and  rotation  speeds  of  55 
to  65  rpm  proved  adaptable  to  the  Lyons  drilling.  Mud  weights  averaged 
9.8  pounds  per  gallon,  viscosity  56  seconds,  and  water  loss  7.8  cc.  Hole 
deviation  was  less  than  one  degree  for  this  interval. 

The  divergence  between  net  and  overall  rotating  progress  curves 
increased  5  days  (21  i/2  to  26  1/2)  while  penetrating  the  Lyons  section. 

As  indicated  on  the  overall  progress  curve,  the  drilling  histcry  of  this 
formation  was  characterized  by  numerous  lost  circulation  intervals  asso¬ 
ciated  with  fractures  in  the  hard  quartzitic  sand,  requiring  considerable 
time  devoted  to  mixing  mud  and  applying  various  techniques  to  heal  the  lost 
circulation  zones. 
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Top  of  the  Fountain  to  tha  Top  of  the  RegoUth  (9.  772'-  1 1,  880') 

The  2,  108  feet  of  JF*OLmtaio  eection  (9i  772  to  1 1,  880  feat)  coneiatlng 
of  eandetonei  ahale,  eiltitona  and  arkoae  was  cored  (408  feet)  and  drilled 
(1,  700  feet),  Reference  to  the  net  drilling  progress  curve  shows  that  this 
section  was  penetrated  much  more  rapidly  than  the  overlying  Lyons  for¬ 
mation.  The  68  feet  per  day  net  drilling  rate  versus  26  feet  per  day 
represents  an  increase  of  2.4  times  in  the  Fountain  formation. 

Drilling  weights  of  60,000  to  65,000  pounds  and  rotation  speeds  of 
50  to  65  rpm  were  utilized  in  drilling  the  11 -inch  hole  to  1  1,  225  feet.  In 
the  6  3/4-inch  bole  below  this  depth,  drilling  weights  of  20,000  pounds  and 
rotation  speeds  of  40  to  50  rpm  were  adopted.  Hole  deviation  was  permitted 
to  progressively  increase  from  about  one  degree  at  10,000  feet  to  a  maxi¬ 
mum  of  7  degrees  at  11,600  feet. 

While  ptmetraling  the  Fountain,  mud  weight  varied  from  8,  7  to 
9,7  pounds  per  gallon,  viscosity  40  to  117  seconds,  and  water  loss  5.  7 
to  9, 3  cc. 

Drilling  bit  types  included  W-7  and  W-7R  rock  bits  and  RG-2BJ 
insert  bits.  The  average  footage  for  the  rock  bits  was  39  feet  per  bit  or 
2.6  times  the  footage  obtained  in  the  Lyons  drilling.  The  RG-2bJ  insert 
bits  averaged  51  feet  per  bit  in  the  Fountain  formation. 

The  overall  drilling  progress  curve  indicates  that  approximately 
100  days  were  utilized  in  the  various  operations  required  to  achieve 
penetration  of  the  Fountain  section.  The  spread  between  net  and  overall 
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drilling  progress  curves  was  increased  by  >5  1/2  days  while  penetrating 
the  Fountain  formation. 

Actual  time  drilling  and  coring  (including  reaming  the  core  hole)  in 
the  Fountain  utilized  24.  d  and  19.  4  days,  respectively.  The  remaining 
55.  8  days  were  devoted  to  the  following  principal  operations  as  denoted  on 
the  overall  curve:  mixing  mud  and  healing  lost  circulation  in  the  several 
fractured  sections;  running  electric  logs;  drill  stem  testing;  running  and 
cementing  8  5/8-inch  casing;  WOC;  repairing  rig;  fishing  for  rock  bit  cones; 
and  reaming  out  keyseat  within  the  interval  6,  800  to  7,  800  feet. 

Top  of  the  RegoUth  to  Total  Depth  ( 1 1.  880'- 12,  045') 

The  165 -foot  interval  from  the  top  of  the  Regolith  to  total  depth 
(11,  880  to  12,045  feet)  consisting  of  shale,  quartzite,  conglomerate,  dolo¬ 
mite,  and  pre-Cambrian  granite  gneiss  was  penetrated  in  three  net  drilling 
days.  The  drilled  portion  (143  feet)  averaged  71.  5  feet  per  day,  and  the 
6  3/4-inch  RG- IJ  insert  type  bits  obtained  49  feet  per  bit.  Drilling  weights 
of  20,  000  pounds  and  40  to  50  rpm  were  employed.  Mud  properties  were 
9.0  pounds  per  gallon  weight,  43  seconds  viscosity,  and  water  loss  5.  8 
cc. 

The  overall  drilling  progress  time  devoted  to  this  interval  was  10 
days  which  completed  the  operations  to  total  depth  of  12,  045  feet,  in 
elapsed  time  to  185  days  from  spud.  This  last  period  included,  i.  addition 
to  drilling  and  coring,  time  for  ruruiing  electric  logs,  drill  stem  testing, 
mixing  mud  and  healing  lost  circulation  in  the  fractured  granite  interval. 
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Hydraulics  I  ogrann 


A  je  dt  program  was  not  utilised  in  connection  with  the  rock  bit 
drilling  du'  i  the  high  mud  circulation  rates  and  pump  pressures  that 
would  be  {uired  in  the  11 -inch  hole  below  4,  000  foot  depth.  High  pene¬ 
tration  ra  ;^s  obtainable  with  a  conventional  rock  bit  program  from  surface 
to  4,  000  feet  did  not  warrant  jet  bits  in  this  portion  of  the  hole.  Influencing 
factors  were  the  extra  time  required  to  change  pump  liners  and  the  additional 
cost  of  jet  bits. 

Coring  Penetration 

Reference  to  the  drilling  and  coring  statistics  presented  in  Table  4 
shows  the  following  analysis  of  coring  penetration  characteristics  in  the 
Arsenal  well. 

The  five  8  7/S-inch  diamond  cores  in  the  "J"  sandstone  to  the 
Lyons  interval  averaged  22.  8  feet  cut  per  core  for  an  average  penetration 
rate  ox  i4.  3  feet  per  day  including  coring  time  plus  time  to  ream  core 
hole  to  full  gauge  II -inch  hole.  tVithin  the  same  section,  drilling  penetra¬ 
tion  time  was  6.  2  times  faster. 

Within  the  Lyons  to  the  Fountain  section,  eight  8  7/8-inch  cores 
averaged  12.0  feet  cut  per  core  at  the  average  rate  of  7.  8  feet  per  day 
coring  and  reaming  core  hole.  Drilling  was  3,  6  times  faster  than  coring 
the  Lyons  formation. 
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There  were  thirteen  7  13/16-inch  and  6  ll/l6-inch  corea  cut  in 
the  Fountain  formation  for  an  average  length  of  31.4  feet,  and  an  average 
of  21.0  feet  per  day  coring  and  reaming  time.  Drilling  proved  to  be  3,  3 
tir ..es  faater  than  coring. 

The  two  corea  cut  in  the  interval  from  the  top  of  the  Regolith  to 
total  depth  averaged  11  feet  in  length  at  the  average  rate  of  22.  0  feet  per 
da  /  coring  only. 

The  following  graph  showa  the  relationship  existing  between  average 
fee',  cut  per  core  and  feet  per  day  cored  and  reamed  in  the  Arsenal  well. 
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The  fractured  intervale  cored  in  the  Lyons  and  Fountain  aectioni 
caused  wedging  in  the  core  barrel  and  limited  the  length  of  many  cores  cut 
in  these  formations.  Also,  lost  circulation  and  the  presence  of  extremely 
hard  quartzitic  pieces  rolling  under  the  diamond  coring  head  caused 
"grooving"  of  the  head  which  limited  the  length  of  some  cores. 

It  is  indicated  from  the  above  graphical  relationship  that  had  it 
been  possible  to  cut  average  length  50-foot  cores,  the  coring  and  reaming 
rate  should  have  approximated  33  feet  per  day.  Based  on  this  figure,  the 
coring  and  reaming  time  for  639  feet  cut  would  approximate  20  days  rather 
than  the  40,5  days  actually  required. 

Consideration  was  given  in  designing  the  coring  program  to  using 
11 -inch  diamond  coring  heads  to  avoid  the  time  and  expense  of  opening  up 
a  smaller  sized  core  hole.  Equating  the  cost  of  the  larger  diamond  coring 
heads,  the  relative  penetration  rates  and  footage,  reaming  time,  and  the 
added  problem  of  stabilizing  the  coring  assembly  in  the  11 -inch  hole,  the 
full  hole  11 -inch  coring  program  could  not  be  justified. 
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PHYSICAL  OPERATIONS  (CON’T) 


HOLE  DEVIATION 

With  the  exception  of  one  reading  at  370  feet*  the  hole  deviations 
in  the  Arsenal  welt  from  the  vertical  stayed  within  the  design  limits. 

Table  5  is  a  stunmary  of  the  deviation  survey  readings  taken  during  the 
drilling  of  the  well.  The  maximum  deviation  of  7  degrees  was  encountered 
at  1 1,  600  feet. 

KEYSEATING 

As  the  well  approached  the  depth  of  11,  225  feet,  a  tight  hole  condition 
developed  in  the  7,  000  foot  to  7,  800  foot  interval.  Analysis  of  this  interval 
with  respect  to  hole  deviation  indicated  a  strong  possibility  that  a  keyseat 
had  developed. 

As  shown  in  Table  5  there  is  a  bend  or  "dogleg"  in  the  hole 
between  6,  700  feet  and  8,  100  feet  from  one  degree  at  the  top  and  bottom 
of  the  interval  to  a  maximum  of  3  1/4  degrees  near  the  middle  of  the 
interval.  This  is  portrayed  graphically  in  Figure  6, 

This  nature  of  bend  and  more  especially  the  rate  of  change  in 
deviation  is  within  the  acceptable  limits  established  in  the  drilling  industry. 
However,  in  this  case,  the  prolonged  exposure  of  the  dogleg  to  the  abrading 
action  of  the  drill  pipe  resulted  in  a  groove  being  worn  in  the  side  of  the 
hole  somewhere  in  the  interval  of  the  dogleg.  The  keyseat  trouble  was 
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first  xnanifestsd  while  drilling  near  ll.  200  feet.  This  was  approximately 
110  days  after  the  keyseat  Interval  was  drilled. 

The  usual  remedial  procedure  of  running  a  keyseat  wiper  and 
string  reamers  was  adopted.  However,  the  eeverity  of  the  keyeeat  problem 
coupled  vnth  the  acute  lost  circulation,  and  a  desire  to  protect  the  possible 


injection  reservoirs  penetrated  above  the  11,  225  foot  depth  led  to  a 
decision  to  alter  the  basic  program  and  set  the  8  5/8-lach  casing  at 
approximately  11,200  feet  rather  than  11,400  feet.  This  decision  was 
reached  in  a  joint  meeting  of  representatives  of  the  United  States  Army 
Corps  of  Engineers,  the  United  States  Army  Chemical  Corps,  E.  A. 
Polumbua,  Jr.,  and  Associates,  Inc.,  and  Loffland  Brothers  Company 
r  ep  r  e  s  entati  ve  a , 
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PHYSICAL  OPERATIONS  (CON'T) 


DRILLING  FLUID 


The  drilling  mud  program  employed  on  the  Rocky  Mountain  Arsenal 
Pressure  Injection  Disposal  Well  was  based  on  the  following  considerations: 

1.  The  anticipated  Pierre  shale  section  from  1,  500  feet 
to  7,  800  feet  required  the  use  of  a  drilling  fluid  which 
would  provide  maximum  hole  protection  and  minimum 
shale  swelling  over  the  long  period  that  this  section 
would  be  exposed. 

2.  The  drilling  fluid  must  provide  protection  to  any 
potential  injection  reservoir  interval, 

3.  The  drilling  fluid  must  be  fairly  simple  to  maintain 
and  provide  suitable  temperature  stability. 

4.  The  drilling  fluid  should  provide  for  maximum 
penetration  rate  and  bit  performance  and  still 
furnish  suitable  rheological  properties. 

In  order  to  select  a  drilling  fluid  which  would  satisfy  all  these 
requirements,  conferences  were  held  with  Baroid  personnel,  and  the 
following  mud  program  was  established  as  offering  the  best  compromise 
for  all  the  properties  desired. 

A  summary  of  the  mud  properties  during  the  dnlling  operations 
is  included  in  Table  6  and  the  following  table  summarizes  the  drilling 
mud  program  employed  on  the  Arsenal  well. 


Water 


Depth 

Weight 

Viscosity 

Loss 

Type  Mud 

0  feet  - 

2,  000  feet 

9.0 

54 

T  4 

Gel-chemical 

2. 

000  feet  • 

7.  450  feet 

9.  5 

35 

7.  5 

Low  solids  driscose- 
condet 

7. 

450  feet  - 

9.  500  feet 

10.  0 

60-  80 

5-7 

Gyp  Q-Broxin emulsion 

9. 

500  feet  - 

1 1,  225  feet 

9.  5 

60-100 

5-7 

Gyp  Q-Broxin 

n, 

225  feet  - 

Total  Depth 

8.  5-9.0 

35-  45 

5-7 

Low  solids  driscose 
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Constant  auperviilon  of  the  mud  program  was  maintained  by  Harold 
mud  logging  personnel  and  E.  A,  PolumbuB»  Jr.,  and  Aisociates,  Inc. 

•V 

engineers  on  a  24>hour  per  day  basis. 

0-2,  000  Feet 

The  drilling  fluid  used  in  this  interval  consisted  of  a  bentonite 
carboxy  methyUceliulose  mud  with  caustic  and  tannex  used  as  a  dispers¬ 
ing  agent.  The  average  properties  of  this  system  were;  weight,  9.0  iH/gal.i 
funnel  viscosity,  54  seconds;  centipoise  viscosity,  26;  water  loss,  4.4  ccs.; 
pH,  10.5;  chlorides,  300  ppm.  This  fluid  was  used  until  13  3/8-inch  casing 
was  set. 

2,  000  Feet  to  7,  450  Feet 

Below  the  intermediate  casing  string,  the  drilling  mud  was  convert¬ 
ed  to  a  low  solids  carboxy  methyl  cellulose  mud  with  condet,  a  surfactant 
type  material,  added  to  accelerate  settling  of  the  drill  cuttings  and  add 
lubricity  to  the  drilling  fluid.  Characteristic  properties  of  this  type  fluid 
were  as  follows;  weight,  9.4  to  9.5  #/gal.;  funnel  viscosity,  31  to  38 
seconds;  plastic  viscosity,  4  to  10  centipoises;  yield  point  0  to  2  grams/ 100 
centimeters^.  Due  to  the  very  low  rheological  properties  exhibited  by  this 
type  fluid,  the  suspending  properties  were  relatively  low  and  some  fill-up 

i 

•after  trips  was  expected,  and  did  occur.  Past  experience  with  this  type 
drilling  fluid  indicated  that  some  sacrifice  in  trip  time  due  to  the  necessity 
of  cleaning  out  to  bottom  must  be  made  in  order  to  achieve  the  benefits  of 
increased  penetration  rates  and  bit  footages  which  may  be  obtained  with  this 
type  mud  system. 
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7,  450  Feet  to  1  1,  225  Feet 


Past  eicpsricncc  ia  the  Denver»Jule>burg  Batin  indicated  that  the 
Niobrara  Formation^  which  contained  tome  anhydrite  but  wat  primarily  a 
thale  section,  was  quite  susceptible  to  the  swelling  of  the  formation  clays 
when  in  contaet  with  fresh  water.  The  drilling  fluid  was  therefore  convert¬ 
ed  to  a  Cyp-O-Broxin  mud  at  a  depth  of  7,  450  feet  in  order  to  adequately 
condition  the  hole  prior  to  drilling  the  Niobrara,  Additionally,  25,000  to 
30,000  parts  per  million  sodium  chloride  were  added  to  the  mud  at  this 
time  In  order  to  condition  the  mud  filtrate  to  more  nearly  approximate 
formation  water  and  thereby  help  reduce  filtrate  damage  to  the  formation. 

In  order  to  offset  the  increase  in  weight  from  the  salt  addition,  5  to  10 
percent  diesel  oil  was  also  added  to  the  mud  at  this  time. 

The  average  properties  of  the  mud  before  and  after  conversion  to 
the  gyp-base  mud  were  as  follows; 


Mud  Properties 

Before  Conversion 
CMC  Mud 

Low  Solids  Condet 

After  Conversion 

Gyp  Q-Broxin 

Weight 

9.3  -  9.5 

9.5  -  10.0 

Viscosity 

seconds 

30. 0  -  0.  35 

o 

O 

Viscosity 

centipoises 

18 

36 

Initial  gel 

grams 

0 

3 

10'  gel 

g  rams 

0 

25 

API  Filtrate 

ml 

7.0 

4  -  7 

Filter  cake  thickness 

inches 

1/32 

2/32 

Plastic  Viscosity 

centipoises 

,  5  -  10 

20 

Yield  Point 

grr./ 100  cm 

^  0-2 

12 

pH 

8  -  9 

8  -  9 

Sait 

ppm 

850 

20, 000 

Calcium 

ppm 

- 

1,  200 
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The  propertlei  Utted  for  the  gyp-baie  mud  were  fairly  constant  to 
a  depth  of  approximataly  9i  ^96  feet  at  which  time  lost  circulation  occurred. 
Additions  of  salt  to  the  mud  were  discontinued  after  the  lost  circulation  was 
experienced  in  order  to  avoid  corresponding  weight  increases.  The  mud 
weight  was  reduced  and  maintained  between  9<  1  #/gal.  and  9.5  lif/gal.  until 
pipe  was  positioned  at  11,  171  feet. 

Lost  circulation  material  concentration  was  maintained  between  10 
percent  and  30  percent  during  the  periods  of  lost  returns. 

The  Gyp-Q'Broxin  mud  was  used  to  a  total  depth  of  11,  225  feet  at 
which  time  casing  was  run  and  further  drilling  was  conducted  in  a  6  3/4- 
inch  hole. 

11,225  Feet  to  Total  Depth 

In  order  to  provide  the  least  expensive  mud  system  and  still  afford 
adequate  hole  protection  for  drilling  in  the  6  3/4 -inch  hole,  the  drilling 
fluid  was  converted  to  a  low  solids  fresh  water  driscose  mud  with  the  fol¬ 
lowing  properties;  weight,  8.5  to  9.0  #/gal.;  funnel  viscosity  35  to  45 
seconds,  plastic  viscosity,  15  centipoisee;  yield,  7.  Approximately  1,000 
barrels  of  this  mud  were  lost  during  the  course  of  drilling  from  11,225 
feet  to  12,  045  feet. 

Lost  Circulation 

The  lost  circulation  experienced  during  the  course  of  drilling  the 
Arsenal  well  is  indicated  on  the  overall  drilling  progress  curve  in  Figure  8. 
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Details  of  quantities  lost  and  depth  of  occurrence  are  presented  in  the 


following  tabulation: 


Well  Depth 

Barrels  Lost 

Well  Depth 

Barrets  Lost 

9.596 

150 

10,  055 

150 

9,607 

20 

10.C61 

500 

9,675 

536 

10,  110 

717 

9.705 

10 

10, 120 

450 

9,750 

97 

10, 153 

653 

9.  777 

150 

10,  210 

70 

9,810 

600 

10, 250 

114 

9,960 

40 

10, 563 

600 

9,962 

60 

10,  573 

530 

9,968 

100 

10,610 

730 

10, 013 

15 

11,  080 

1350 

10,047 

200 

11,985 

1030 

Total 

9092 

The  depths  represent  the  position  of  the  bit  at  the  time  lost  clrcu* 
lation  occurred  and  do  not  necessarily  indicate  the  point  at  which  fluid 
was  lost. 

Experiments  conducted  as  soon  as  lost  circulation  became  an  ap¬ 
parent  problem  showed  that  spottiiig  "pills"  of  lost  circulation  material 
on  bottom  when  new  fractures  were  exposed  by  the  drill  or  core  bit,  and 
allowing  this  to  set  for  a  maximum  period  of  12  hours,  generally  remedied 
complete  loss  of  circulation  at  that  particular  depth.  In  the  case  of  partial 
lose  of  circulation,  a  maximum  rate  of  mud  loss  was  calculated  above  which 
the  aforementioned  cure  was  the  most  economical  solution. 

Other  considerations  connected  with  the  drilling  operation  limited 
the  use  of  other  techniques  in  combattbtg  lost  circulation.  For  example. 
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the  uB«  of  high  concentrations  of  lost  circulation  material  in  the  mud 
system  necessary  for  plugging  fractures  could  result  in  plugging  the  per¬ 
forated  anchor  while  conducting  drill  stem  tests  and  thereby  restricting 
the  use  of  the  test  data.  In  like  manner,  the  circulation  passages  through 
the  core  barrel  can  only  tolerate  a  certain  percentage  of  lost  circulation 
material  (25  to  30  percent  maximum  by  volume)  before  prohibitive  pres- 
aure  drops  through  the  core  barrel  or  possible  plugging  of  the  core  barrel 
occurs. 
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CORINCi 


Summary 


In  the  Rock/  Mountain  Arsenal  Pressure  Injection  Disposal  Well  a 
total  of  639  feet  of  section  was  cored  with  a  recovery  of  575  feet,  repre¬ 
senting  90  percent.  A  summary  of  the  depths  and  recoveries  for  the 
28  cores  is  presented  in  Table  7  , 

The  program  design  anticipated  cutting  50  foct  or  longer  cores  on 
each  coring  run.  However,  due  to  e.\tensivc  fracturing  encountered,  it 
was  possible  only  in  five  cases  to  cut  an  interval  of  40  feet  or  greater. 
The  minimum  cut  only  two  feet. 


luipment 


The  special  equipment  used  in  the  coring  operation  is  summarized 
in  Table  8  .  For  the  major  portion  of  the  coring,  the  mechanical  assembly 
consisted  of  a  diamond  corchcad,  a  50-foot  core  barrel,  a  set  of  safety 
jars,  drill  collars  and  the  drill  pipe.  A  30-foot  kelly  extension  was  utilized 
after  core  No.  3  in  order  to  eliminate  drill  pipe  connections  during  the 
cutting  of  a  core.  This  eliminated  the  possibility  of  junk  falling  under  the 
diamond  core  head  during  the  operation  of  making  the  connection. 

On  one  coring  run.  No.  22,  the  core  barrel  was  leng  aened  to 
accommodate  a  75-foot  core.  On  this  run  a  total  of  64  feet  was  cut. 
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Coral  Noa.  25  and  2b  ware  cut  with  a  Bowan  junk  hasUet.  Thil  tool, 
plcturad  in  Figure  9.  '•  primarily  a  flihing  tool  for  recovcrv  of  junk.  Since 
it  utilizel  a  coring  principal,  there  is  an  occaslonai  recovery  ot  the  forma¬ 
tion  rock.  In  such  cases  in  the  Arsenal  well  the  recovery  has  been  considered 
as  a  core  run. 

Runs  Nos.  1  through  21  cut  4  3/8-lnch  diameter  cores.  In  the  lower 
portion  of  the  hole,  after  setting  the  8  5/8-inch  casing,  3  1/2-inch  diameter 
regular  cores  were  cut.  The  cores  recovered  from  the  jxink  basket  runs 
were  4  1 3/ 16-inch  diameter. 

Probleme 

The  decision  to  core  a  rathole  and  ream  the  cored  rathole  before 
drilling  ahead  was  primarily  influenced  by  economic  considerations,  a 
full  size  corehead  for  the  11 -inch  hole  would  have  cost  approximately  75 
percent  more  than  an  3  1/2-inch  corehead,  and  the  expected  life  would 
be  the  same  or  less  than  that  of  the  smaller  head.  Furthermore,  the  overall 
penetration  rate  including  the  time  required  to  ream  the  rathole  would  be 
the  same  for  the  8  1/ 2-inch  or  11 -inch  coreheads.  Additional  anticipated 
difficulties  in  stabilizing  the  11 -inch  corehead  with  the  drill  collars  and 
the  resultant  undue  wear  also  influenced  the  decision  to  rathole  core. 

The  extreme  hardness  of  the  rock  in  the  "J"  sandstone,  Dakota 
sandstone,  Lyons  formation  and  Fountain  formation  resulted  in  abnormal 
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weAf  tu\d  brc&kage  ot  the  teeth  or  knob*  ol  the  drtUuig  bits.  Since  disn.iond 
coreheads  are  partieularly  susceptible  to  damage  from  loose  metal  ui  the 
hole,  precautionary  measures  to  remove  the  junk  from  the  bottom  of  the 
hole  were  ueecssary^  To  remove  such  junk,  extra  trips  running  junk 
baskets  and/or  magnets  were  frequently  made  prior  to  coring. 

In  cutting  core  No,  3  the  corehead  was  grooved  either  by  loose 
metal  in  the  hole  or  pyrita  materials  from  the  formation.  The  earlier  pro¬ 
cedure  in  coring  had  necessitated  picking  up  the  core  barrel  to  make  a 
connection.  In  doing  this  it  is  possible  for  junk  or  pyrites  that  had  been 
held  in  the  annulus  or  on  the  ledge  of  the  ratholc  to  fall  to  the  bottom  while 
the  correction  was  being  made.  To  eliminate  this  hazard  a  30-foot  kelly 
extension  was  obtained.  Through  its  use,  it  was  then  possible  to  cut  a 
full  50-foot  core  without  lifting  the  corehead  off  the  bottom  of  the  hole. 

Even  though  the  precautionary  measures  described  above  were 
followed,  the  second  corehead  was  grooved  in  cutting  core  No.  5  in  the 
Dakota  sandstone.  This  influenced  the  decision  to  forego  further  coring 
until  the  Lyons  formation  was  reached.  This  decision  was  also  greatly 
influenced  by  the  lack  of  favorable  indications  In  cores  Nos.  1  through  5. 

From  core  No.  7  it  was  determined  that  there  was  fracturing  in 
the  Lyons  formation.  This  was  observed  in  subsequent  cores  and  evidenced 
by  the  short  intervals  cut  in  the  core  runs. 


In  Jk.  (r*ctur*d  formation,  taptclilly  wijfcr.i?  vortical  /ractures  are 
encountered,  s  alight  slippage  oi  the  core  along  the  fracture  plane  can  cauac 
the  core  to  jam  within  the  barrel.  With  a  core  jar.unod  in  the  barrel,  exc«a- 
sivo  wear  on  the  mechanical  componenta  of  the  barrel  can  roault  in  bearing 
and  other  mechanical  failui-o*i. 

The  usual  indication  of  a  jammed  barrel  la  a  sharp  decreaae  in 
penetration  rate  or  a  complete  halt  in  the  penetration.  The  abort  core 
inter vala  through  the  Lyons  formation  and  into  the  Fountain  formation  were 
frequently  directly  attributable  to  auch  jamming. 

After  entering  the  Lyone  formation  core  No,  6  was  cut  at  a  depth 
of  9,  614  feet.  After  cutting  10  feet,  circulation  waa  lost  and  the  coring 
waa  stopped.  Thore  was  no  recovery  from  this  core. 

Lost  circulation  difficulties  continued  to  the  total  depth  of  the  hole. 
Frequently  the  losses  occurred  while  coring  and  the  operation  had  to  be 
suspended. 

With  a  long  core  barrel  of  a  greater  diameter  than  the  drill  pipe 
or  collars  there  is  always  a  greater  hazard  of  sticking  than  with  a  bit. 

In  addition,  the  circulation  channels  through  a  core  barrel  offer  restric* 
lions  not  present  with  a  normal  drill  st*-'  g  and  t 't. 

Thus,  whenever  a  hazardous  condition  such  as  lost  circulation 
occurs  while  coring,  an  accepted  practice  is  to  pull  the  core  barrel  from 
the  hole  and  conduct  remedial  operations  with  the  drill  string  and  bit. 
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Thuii,  there  were  three  principal  problems  encountered  in  the 
coring  ope  rations.  These  were: 

1.  Damage  to  diamond  coreheads  from  the  hard  fermatien  or 
from  junk  metal  in  the  hole.  Pyrites  from  the  formationi 
especially  in  the  "J”,  Dakota,  and  Dakota  sandstones,  could 
also  have  contributed  to  this  type  of  damage. 

2,  Jamming  of  the  core  in  the  core  barrel  resulting  from  the 
fractured  formation, 

J.  Lost  circulation  during  coring  with  the  consequent  need  to 
suspend  coring. 
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PHYSICAL  OPERATIONS  (CON'T) 


DRILL  STEM  TESTS 
Summa  ry 

The  original  drill  stem  teat  program  waa  deaigned  to  evaluate  any 
interval!  indicated  by  cores  to  be  oi*  interest.  When  a  change  in  the  coring 
program  was  necessitated,  a  corresponding  change  in  the  drill  stem  testing 
program  was  made.  Basically,  the  change  resulted  In  testing  long  inter¬ 
vals  to  give  approximately  full  coverage  of  the  formation  rather  than 
testing  selected  short  intervals. 

In  all,  fourteen  formation  tests  were  attempted.  Thirteen  of  these 
used  conventional  drill  stem  teat  tools.  One  attempt  was  made  using  a 
wireline  teat  tool.  Details  of  the  tests  and  the  results  are  shown  in  Tables 
9  through  22.  Ten  of  these  teats  were  mechanically  successful.  The  wlre- 
line  teat  tool  plugged  with  lost  circulation  material  and  in  the  remaining 
three  drill  stem  tests  the  packer  did  not  isolate  the  zone  to  be  tested  due 
to  the  fractured  formation. 

Drill  stem  test  No.  14,  which  tested  the  11,  171  foot  to  11,  185 
foot  interval  of  the  well,  recovered  5,400  feet  of  salt  water  in  addition  to 
the  water  cushion  used  In  the  test.  This  salt  water  showed  a  total  r'h'oride 
content  of  46,  400  ppm  which  may  not  represent  a  true  formation  value  due 
to  contamination.  Fluid  recoveries  in  the  remaining  tests  consisted  of 
drilling  mud  or  contaminated  fluida. 
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The  following  Ubulatlun  thowt  the  inturvAli  which  were  teeted 


Theee  are  also  portrayed  in  Figure  10. 

DRILL  STEM  TESTS 


at  No, 

Depths 

1 

8.  482-  8, 

2 

6,  628-  8, 

3 

9,  662 

4 

9, 845-10, 

6 

9. 836-10, 

6 

9,  862-10, 

7 

10. 076-10, 

8 

10,  137-10, 

9 

10. 336-10, 

10 

10.  517-10, 

11 

10, 755-10, 

12 

U,  096-11, 
(Csg.  shoe 

13 

9,  660-11, 
(Cag.  shoe 

14 

11,  020-11, 
(Csg,  shoe 

Problem# 


Formation 


556 

"j"  Sandstone 

821 

DakoU-Lakota  Morrison 
Lyons 

016 

Fountain 

016 

Fountain 

057 

Fountain 

317 

Fountain 

339 

Fountain 

542 

Fountain 

729 

Fountain 

962 

Fountain 

439 

at  11,  171) 

Fountain 

985 

Fountain,  Regolith, 

at  11,  171) 

Pre  -  Pennsylvanian, 
Pre-Cambrian 

985 

Fountain,  Kegoilth, 

at  11,  171) 

Pre -Pennsylvanian, 

Pre -Cambrian 

The  two  teat#  run  prior  to  reaching  the  top  of  the  L/ons  Formation 
preaented  no  particular  probluma.  In  teat  No,  1  the  packer  failed  near 
the  e^id  of  the  final  ehut-in  period,  hut  thia  ia  not  uncommon. 

Sciin'  iilN'  i-  atem  tcating  the  Lyona  formation  had  been 

anticipated.  Teating  of  Lyona  sandatonea  in  other  wells  in  the  area  had 
ahown  that  the  aandatonca  have  a  tendency  to  produce  fine  aand  into  the 
wcliborc  during  testa.  The  aand  can  pack  around  the  teat  tool  or  tall  pipe 
and  cause  sticking,  thus  resulting  in  a  fishing  operation. 
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During  the  operation  of  cutting  core  No.  o.  the  firiit  core  cut  m 
the  L/ona  formation,  loit  circ>'iation  wra  experienced  auid  no  core  recovery 
was  obtained.  Core  No.  7.  cut  2  feet  belau'  cats  No.  6,  recovered  hard 
quartzitic  aandatone  with  many  vertical  fractures. 

Thus,  with  the  direct  confirn-iatlon  of  fracturing  from  the  cores 
another  hazard  to  drill  stem  tutting  was  eatablishud.  If  the  packer  on  the 
drill  atem  teat  tool  should  be  set  in  a  zone  of  open  fractures  the  fluid  in 
the  annulus  above  tlie  packur  could  easily  bypass  the  packer  into  the  inter¬ 
val  being  tested.  In  addition  to  invalidating  the  tost,  these  bypassing  fluids 
create  an  increased  hazard  in  that  they  might  carry  solid  material  such  as 
sand  or  lost  circulation  material  and  deposit  this  around  the  teat  tool, 
resulting  in  sticking  of  the  tool. 

After  consideration  of  these  various  hazards  and  the  risks  involved 
in  the  various  altornativc  methods  of  testing  versus  the  data  to  bo  obtained 
it  was  decided  to  forugo  any  drill  stem  testing  in  the  Lyons  formation. 

Any  interpretation  would  have  to  be  made  from  the  cores  and  samples 
obtainable  and  the  logs.  More  definitive  evaluation  could  be  made  after 
cementing  8  5/ 8-inch  casing, 

Aiujr  penetration  into  tlic  L'  Ons  formation,  mud  losses  and  spot 
cores  indicated  the  presence  of  fractures  in  this  section.  Since  the  Fountain 
formation  was  not  known  to  produce  sand  during  tests,  itwas  felt  that 
this  reduced  risk  would  warrant  resumption  of  the  drill  stem  testing  program. 
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Thii  modliied  program  providod  for  tcatiug  long  Intarvala  to  effect  aa 
complete  coverage  of  the  remaining  section  ae  poaalble. 

Testa  numbers  4i  5*  and  7  were  not  succBgefijl  due  to  packs? 
failurci.  Is  these  cases  It  is  interpreted  that  fluids  bjTsassed  the  packers 
through  fractures  in  the  FounUin  formation. 
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rORMATlON  LOGGING 


A  program  of  catching,  washing,  examining,  describing,  and 
preserving  ditch  samples  token  at  10  foot  or  lesser  intervals  were  followed 
in  the  drilling  of  the  well.  Samplce  at  shorter  intervals  were  caught  when¬ 
ever  required  by  the  geologist  on  the  well.  The  description  of  these 
samples  is  Included  in  the  Sample  Log  in  Volume  HI  of  this  report. 

In  all,  three  sets  of  samples  were  prepared.  One  set  was  sent 
to  the  United  States  Geological  Survey,  Ground  Water  Division,  Denver, 
Colorado,  Another  was  furnished  to  the  State  of  Colorado  OU  and  Gas 
Conservation  Commission,  With  the  permission  of  the  United  States  Army 
Corps  of  Engineers,  the  third  set  was  sent  to  American  Stratigraphic 
Co,,  Denver,  Colorado,  a  commercial  yample  library  service.  This  set 
is  readily  available  for  public  use. 

In  addition  to  these  samploe,  the  personnel  of  the  Baroid  Mud 
Logging  unit  caught  and  examine  d  ditch  samples  at  tv/o  foot  or  lessor 
intervals  in  the  section  of  the  well  logged  by  this  equipment.  The  final 
"Baroid  ppm  Log"  is  included  in  Volume  HI  of  this  report. 


AU  of  the  core  material  recovered  was  examined  and  described 


immediately  after  recovery  and  samplca  for  core  analysis  were  selected. 


In  general  one  lample  from  every  foot  of  claitic  material  was  analysed. 

The  core  descriptions  arc  included  in  Table  2  and  in  the  Sample  Log  In 
Volume  UL  Core  analysis  results  arc  presented  in  the-  log  portion  of  Volume 
UI  and  a  portion  are  shown  in  Table  23, 

Color  photographs  were  taken  of  many  of  the  cores,  particularly 
those  showing  fractures,  by  the  resident  geologist  of  the  Corps  of  Engineers, 
After  being  described  the  cores  were  labeled,  boxed,  and  stored  in 
a  special  shed  on  the  location.  After  the  completion  of  the  well,  the  core 
samples  are  to  be  stored  with  the  United  States  Geological  Survey,  Ground 
Water  Division  in  Denver,  Colorado. 

Chips  were  taken  from  all  cores  and  were  included  with  the  three 
sets  of  ditch  samples.  The  distribution  of  these  is  shown  under  Ditch* 
Samples, 

Mud  Logging 

A  Baroid  Mud  Logging  Unit  was  employed  on  tlic  well  from  the  time 
of  drilling  out  from  under  the  13  3/ 8- inch  casing  until  the  completion  of 
the  final  drill  sUm  test.  The  "Baroid  ppm  Log"  of  the  interval  from 
2,  036  feet  to  11,983  feet  is  included  under  "Logs"  in  Volume  111, 

This  log  presents  in  graphical  form  the  results  of  the  various 
analyses  and  examinations  made  in  the  mud  logging  unit.  The  following 
are  included; 

1.  A  continuous  record  of  the  drilling  and  coring  rate. 
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2.  A  graphical  plot  of  the  lithology  and  a  deacription  of  the  rocks 
penetrated.  These  are  prepared  from  the  ditch  samples  caught 
at  two  foot  intervals. 

3.  Recordings  of  the  hydrocarbons  present  in  the  mud  and  cuttingo. 

4.  Recordings  of  the  properties  of  the  drilling  mud. 

The  Baroid  Well  Logging  Service  also  provided  an  on** location  core 
analysis,  a  copy  of  which  is  included  in  Volume  lU,  In  order  to  substantiate 
the  core  analysis  data  determined  by  the  logging  unit,  52  core  samples 
were  randomly  selected  and  analy2,ed  by  an  independent  core  laboratory. 

The  results  of  this  check  revealed  essential  agreement  between  the  two 
evaluations,  (Table  23 .) 

Examination  of  the  Baroid  Mud  Logging  Report  indicates  the  absence 
of  any  significant  hydrocarbon  zones.  A  gas  kick  of  30  units  was  indicated 
through  the  Niobrara  section.  This  is  quite  typical  of  the  Niobrara  shale 
throughout  the  Denver- Julesburg  Basin.  Additional  large  gas  kicks 
noticed  at  7,  700  feet  were  due  to  the  addition  of  diesel  oil  to  the  drilling 
fluid.  Off-scale  deflections  were  recorded  at  various  other  intervals  after 
roundtrips  out  of  the  hole  with  the  drill  string.  This  phenomenon  was  the 
result  of  entrained  gas  in  the  mud  system  derived  from  the  gas  shows 
in  the  Niobrara. 
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An  Induetion-Elactric  log  tod  «  Gamma  Ray  Nautroa  lag  were 
taken  through  the  major  portion  of  the  Arsenal  well.  Leas  complete 
coverage  was  made  with  the  Sonic  log.  Microlog,  and  Temperature  log. 
Copies  of  all  logs  taken  in  the  well  arc  included  in  Volume  lU.  Table  Z4 
is  a  tabulation  of  the  various  logs,  the  dates  run,  and  other  pertinent  data. 

Problems 

An  Induction-Electric  log  and  Microlog  were  run  before  setting 
the  13  3/8-inch  casing.  A  12  l/Z-inch  hole  was  drilled  to  2,  030  feet  and 
logging  was  attempted.  On  the  first  attempt  the  sonde  encountered  a  bridge 
or  obstruction  at  800  feet.  A  cleanout  trip  was  made  with  the  bit.  Again 
bridges  were  encountered.  This  process  was  repeated  until  on  the  fourth 
attempt  the  sondes  went  to  bottom  and  the  logs  were  run. 

Since  the  hole  was  to  be  reamed  to  17  1/2  inches  the  possibility 
of  reaming  the  hole  and  then  logging  was  considered  during  the  period  of 
these  difficulties.  However,  the  quality  of  logs  run  in  large  diameter 
holes  is  frequently  very  poor.  Thus,  it  was  decided  to  continue  the 
cleanout  runs  in  order  to  taka  thu  logs  in  the  smaller  12  1/2-inch  hole. 

The  logging  runs  at  a  drillers  depth  of  9,  729  feet  presented  no 
problems. 

After  the  keyeeat  difficulties  developed  upon  reaching  a  depth  of 
11,  225  feet,  it  was  decided  to  log  the  hole  and  run  the  8  5/8-inch  casing. 
Therefore,  an  Induction- Elec  trie  log  and  Sonic  log  were  taken. 
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The  Sonic  log  londe  encountered  gome  bridgea  going  into  the  hole 
but  it  was  worked  to  bottom*  Three  tight  apota  were  encountered  coming 
out  of  the  hole  and  it  was  found  that  one  of  the  rubber  coverings  on  the 
sonde  had  been  lost. 

It  had  been  planned  to  rtm  a  Caliper  log  in  order  to  calculate  the 
volume  of  the  hole  prior  to  cementing  the  caeing.  However,  after  the 
difficulties  encountered  running  the  Sonic  log,  it  was  decided  to  determine 
the  volume  by  other  meana  and  the  log  waa  not  run. 

In  the  log  runa  ai.  a  drillers  depth  of  II,  985  feet,  the  first  attempt 
to  run  tiic  Temperature  log  was  a  mis  run.  The  second  attempt  was 
successful. 

The  only  log  taken  in  the  interval  from  11,  985  to  12,  045  feet  was 
a  Gamma  Ray  Neutron  log.  This  was  run  without  incident. 
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CASING  INSTALLATION 


A  iummary  of  tht?  casing  and  hole  program  used  on  the  Rocky 
Mountain  Arsenal  Pressure  Injection  Disposal  Well  is  enclosed  as  Table  ZS, 
Figu  res  7  and  H  graphically  portray  the  casing  and  hole  program  and 
the  details  of  the  casing  strings.  A  summary  of  the  individual  casing 
string  assem  les  are  as  follows: 

20-inch  Casing 

The  20-mch  casing  string,  which  was  set  at  a  depth  of  133  feet  in 
a  24-inch  hole,  consisted  of  94  |/ft.  H-40  casing  with  short  threads  and 
couplings  and  a  Baker  Guide  Shoe,  This  casing  string  would  have  no  severe 
stresses  imposed  and  serves  only  to  support  the  loosely  consolidated  sand 
and  gravel  near  the  top  of  the  hole.  Portland  cement  was  circulated 
around  this  entire  casing  string  back  to  the  surfree. 

13  3/8-inch  Casing 

The  following  13  3/8-inch  casing  string  was  used  in  the  final 
installation.  This  casing  string  was  positioned  in  a  17  i/2-inch  hole  at 
2,  020  feet.  This  casing  string  was  also  cemented  with  Portland  cement 
with  its  entire  length  being  protected  with  this  material. 

This  string  includes  a  Baker  Guide  Shoe  on  the  bottom  and  a 
baffle  collar  one  joint  off  bottom. 


O,  D. 

Lbs.  /ft. 

Grad* 

Coupling 

Nom.  I,  D, 

Drift  I  D 

Top 

13.  375 

54.  5 

J.55 

LTttC 

12.  ^15 

12, 459 

Middle 

13.  375 

48.  0 

H-40 

LTfcC 

12.  559 

12.  559 

Bottom 

13.  375 

54.  5 

J-55 

LTtC 

12. 459 

12. 459 
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The  13  3/8  inch  casing  string  served  as  a  base  for  the  blowout 
preventers  daring  drilling  operations  and  as  a  support  for  the  load  impused 
by  the  8  b/8-tnch  casing  and  the  5  l/2-inc;h  tubtng  strings  after  completion 
of  the  well. 

6  b/8.'inch  Casing 

The  shoe  of  this  casing  string  was  positioned  at  II,  17  2  feet  and 
the  casing  was  cemented  over  its  entire  length  back  to  the  surface, 

O.  D,  Lbs,  /ft.  Grade  Coupling  Nom.  1,  D,  Drift  I-  D. 
Top  8.  ^25  40,  0  N-80  Extremeliue  7.  725  7.  600 

Middle  8.625  40.0  H-80  LTLC  7.725  7,  600 

Bottom  8.625  44.0  N-80  LT«tC  7.  625  7.500 

To  position  the  8  5/8-inch  casing  an  1  l-inch  ho)?  was  drilled  to  a 
total  depth  of  11,  225  feet.  Because  of  the  complexities  involved  in  the 
cementation  of  over  1  i,  000  feet  of  casing  from  shoe  to  surface,  extensive 
planning  and  preparation  was  necessary.  Figure  12  illustrates  a  typical 
3-atage  cementing  job. 

Hole  Preparation 

The  initial  operation  in  the  completion  procedure  is  the  preparation 
of  the  hole  tor  casing  running,  and  placement.  The  condition  of  the  hole 
at  the  time  when  8  S/8-inch  casing  was  run  was:  20-inch  casing  cemented 
at  13S  feet,  13  3/8-inch  casing  cemented  at  2,  020  feet,  and  ii-inch  hole 
drilled  to  11,  225  feet. 

The  mud  properties  were:  weight,  9.4  ppg,  viscosity,  120  seconds; 
plastic  viscosity,  30  cp,  yield,  15  gm/  100  cm^;  water  loss,  5  cc;  lost 


circulation  materi4i|  13  percent;  oil.  10  percent;  pH«  8.3;  chloridee, 

4,  200  ppm;  and  preae rvatlve,  0.  3  percent. 

This  mud  syatem  was  circulated  for  a  sufficient  length  of  time  to 
completely  stabilize  the  bore  hole. 

Supervision 

Prior  to  the  undertaking  of  any  major  operation  on  the  Rocky 
Mountain  Arsenal  well,  consultation  was  held  between  representatives  of 
the  service  companies  involved  and  C.  A.  Polumbui,  Jr.,  and  Assrciatei^ 
management  and  consulting  engineers.  A  number  of  specialized  meetings 
were  held  prior  to  the  installation  of  this  8  5/6-inch  casing  string, 

From  these  meetings  a  series  of  instructions  were  printed  for 
the  field  personnel.  The  following  comments  are  some  of  the  highlights 
from  these  recommendations: 

1.  A  Halliburton  engineer  was  on  location  to  supervise  making -up 
of  the  bottom  float  equipment, 

2.  A  Youngstown  engineer  was  present  to  inspect  the  make-up  of 
the  Joints. 

3.  The  pipe  was  strapped  twice  while  lying  on  the  pipe  rack  so 
that  a  double  check  was  made. 

4.  A  catalyic  agent  was  used  on  all  connections  in  the  bottom  90 
feet  of  the  assembly  for  the  first  casing  joints.  The  pipe  grade 
was  N-80  steel  and  was  not  welded  because  of  possible 

c  rystaiization  damage. 
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5.  All  49  #/ft.  6  5/8'iiich  caalng  waa  atacked  aeparately. 

6.  The  threada  wcro  cleaned  with  a  wire  braah  and  each  thread 
pirulecior  waa  in  place  before  it  waa  puiied  up  from  the  walk. 

7.  The  eating  waa  handled  with  extreme  care  when  it  wae  moved 
from  the  rack  to  the  derrick. 

8.  A  modified  API  thread  lubricant,  that  ia,  one  without  a  ailicone 
bate,  waa  uaed  on  each  joint. 

9.  The  accuracy  of  the  weight  indicator  waa  checked  to  aid  tn 
aubaequent  calculations. 

10.  All  Halliburton  surface  lines  and  connectiona  were  pressure 
tested  to  5,  000  psig. 

11.  Since  a  professional  crew  was  utilized  in  running  casing,  the 
danger  from  the  standpoint  of  accidenta  waa  greatly  reduced. 

As  the  running  of  the  casing  was  to  take  over  ZO  hours,  laxity 
on  the  part  of  the  crew  was  one  of  the  major  problems. 

The  mechanical  aspects  of  running  the  casing  are  summarized  in 
some  of  the  following  points: 

1.  The  makeup  torque  for  the  extremeline  casing  was  4,  500  ft.  -lbs 
The  makeup  torque  for  the  long -threaded  and  coupled  casing 
was  4,  900  ft.  -lbs. 

2.  Fillup  of  the  8  5/8-inch  casing  was  done  as  follows; 


a.  Each  joint  of  the  8  5/8>inch  criting  was  filled  with  mud 
during  the  raising  of  the  next  joint  prepatatory  to  Insertion 
and  makeup. 

b.  Each  10  joints  the  caging  was  completely  filled. 

Ci  When  the  bottom  of  the  casing  was  at  a  depth  of  $,  ZOO  feet, 
the  filling  cf  the  casing  wag  dlBcoatinucd.  The  L.offIand 
Brothers  Company  considered  this  depth  to  be  safe  as  far 
as  rig  requirements  were  concerned.  The  remainder  of 
the  casing  was  floated  in. 

3.  When  setting  the  casing  in  the  slips  and  picking  up  the  casing* 
the  slips  were  set  as  gently  as  possible  to  avoid  any  quick 
movement  of  casing  cither  in  setting  or  releasing. 

4,  Speed  of  running  casing  was  limited  to  1  foot  per  second  to 
minimize  pressure  surges  at  the  bottom  of  the  hole. 

Rate  of  Lowering 

Because  of  the  zones  of  lost  circulation  which  were  exposed  to  the 
well  bore  at  the  time  the  casing  placementt  extreme  care  bad  to  be 
exercised  so  that  pressure  surges  would  not  break  down  the  formation 
and  cause  a  loss  of  circulatory  returns.  An  extensive  investigation  indicated 
that  the  largest  surge  would  exist  at  the  time  of  cementation  provided  that 
certain  limits  were  adhered  to  in  the  rate  of  lowering  the  casing  string. 
During  the  drilling  operation  it  was  noted  that  mud  welg.Ste  which  exerted 
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grefttrr  thsn  6,  30i)  ptt  bottom  hole  prctture  would  rupture  the  formttion. 
Thereforet  this  value  waa  utilized  as  the  maximum  permisaiblc  bottom 
hole  pretaure  during  the  running  and  placement  of  casing. 

The  pressure  surge  calculations  indir:aed  that  the  maximum  pres¬ 
sure  obtained  in  the  towcri.lg  ot  the  casing  would  be  below  the  critical 
value  of  the  formation  provided  the  lowering  rate  was  1  foot  per  second 
or  less. 

The  three  major  forces  exerted  at  the  bottom  of  the  hole  during 
the  running  of  the  casing  string  are: 

1.  The  piston-like  movement  of  the  casing  itself. 

2.  The  viscous  drag  of  the  mud  along  the  sides  of  the  casing,  and 

3.  The  inertial  effects  when  the  casing  is  lifted  from  and  placed 
in  the  slips. 

Casing  Running 

The  making-up  of  the  float  shoe  and  collar  by  Halliburton  engineers 
began  at  3:50  p,  m.  on  2  August  1961.  The  bottom  90  feet  of  casing  had 
its  joint  locking  ability  supplemented  by  a  chemical  catalytic  compound, 
The  casing  was  in  position  at  2:13  p.  m.  on  3  August  1961.  The  profes¬ 
sional  crew  employed  for  this  operation  had  made  up  each  joint  with  air 
compressor  powered  tongs.  These  tongs  had  a  remote  gauge  which 
indicated  the  foot  pounds  of  torque  applied  to  each  individual  joint  of 
casing. 
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The  overall  casing  placement  operation  was  smooth  and  efficient, 

At  one  point  when  the  shoe  o(  the  casing  was  set  at  approximately  7,  5U0 
feet,  tho  rate  o(  lowering  was  cOntfoll«f4  completely  by  the  weight  of  the 
casing  string.  That  iSj  it  took  the  entire  weight  of  the  existing  string  to 
pass  through  this  interval.  As  was  pointed  out  in  the  drilling  section  of 
this  report,  considerable  key  seat  trouble  was  encountered  in  this  area. 

After  this  depth  had  been  pasaed  by  the  casing  shoe,  very  little  resistance 
was  noted. 

Cementing  Operation 

The  stage  cementing  collars  were  located  in  the  relative  position 
shown  on  Figure  11.  Three  separate  stages  of  cement  would  be  necessary 
to  completely  isolate  the  casing  from  the  bore  hole,  The  first  stage  cementtog 
collar  was  positioned  at  8,  966  feet  while  the  top  stage  collar  was  positioned 
at  4.  507  feet. 

First  Stage 

In  view  of  the  fractured  condition  of  the  lower  portion  of  the  hole, 
a  gil  sonite  additive  was  blended  with  the  cement.  The  bottom  bole  tem¬ 
perature  of  2  5v‘^  F  waa  not  aufficient  to  be  detrimental  to  the  gllaonite 

o 

slurry.  Themelting  point  of  gileonite  is  385  F.  Twenty-five  pounds  of 
gilsonite  were  blended  with  each  sack  of  the  pozzolanlc  mixture.  Qilsonite 
is  a  solid  asphaltene  hydrocarbon  which  reduces  slurry  weight  and  mimi- 
mizes  lost  circulation  by  bridging  the  larger  passages  of  permeability. 
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The  ilurry  propertiee  with  the  glUonite  additive  were  12.  ppg  and  a 
•lurry  yield  of  1.  7b  cubic  feet  per  each. 

Becauee  of  the  bridging  characte rieticf  of  gilMOnite,  the  firat 
portion  of  the  elurry  wa#  a  giiaonlte .free  mljrture.  Since  the  cementing 
operation  went  ae  planned,  ite  poeition  at  the  bottom  of  the  cern^nt  column 
provided  protection  in  the  Intcrvrla  where  the  maximum  prc«»urc  from 
the  hydroatatic  head  waa  exerted. 

The  cementing  material  in  the  lower  etage  ia  aubjccted  to  relatively 
high  temperaturea.  Bccauae  of  this  condition,  conaide ration  waa  given  to 
•trength  retrogreaaion. 

Halliburton  Company  atudiea  on  the  strength  behavior  of  different 
oUwell  cements  at  extremely  high  temperatures  indicate  that  all  of  the 
manufactured  cements  loae  much  of  their  atrength  at  temperaturea  above 
230®  F. 

Pozmix  140.  due  to  its  chemical  nature,  doea  not  loae  atrength, 
but  actually  increasea  it  at  higher  temperaturea.  It  haa  excellent  pumping 
characteriaiica  and  haa  never,  to  the  knowledge  of  the  Halliburton  Company, 
flash  set  in  any  deep  well.  Pozmix  140  waa  selected  as  the  beat  cementing 
matt  ••id  for  this  firat  stage  operation  becauae  of  minimized  additive 
requirements  and  high  compressive  strength. 

To  insure  adequate  mixing,  pumping,  and  displacement  times, 
five -tenths  percent  of  HR -4,  a  lignon  retarder,  was  blended  with  the 
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cement,  Thie  concentration  of  HR-4  permitted  over  four  hours  for  the 
operations  to  be  completed. 

The  cement  slurry  weight  was  approximately  12.5  pgg  as  opposed 
to  a  9.  4  ppg  mud  system.  This  differential  caused  the  cement  to  be  dis¬ 
placed  at  the  surface  on  a  vacuum  until  the  time  of  equalization  of  head 
pressures.  Equalization  time  occurs  when  the  same  equivalent  hydrostatic 
head  is  present  in  and  outside  the  casing.  During  this  period  of  rapid 
fall,  all  available  pumps  were  utilized  to  displace  the  slurry  to  minimize 
hesitations  and  preclude  the  possibility  of  disassociation. 

No  mud  acid  or  similar  material  was  used  ahead  of  this  first 
stage  of  cement.  M  the  time  of  cementation  all  zones  of  lost  circulation 
were  sealed  off.  The  introduction  of  mud  acid  or  similar  material  could 
disrupt  this  healing  property  and  cause  the  loss  of  the  cement  to  the 
formation. 

Second  Stage 

A  50-30  pozzolanic  Portland  ceir.ent  mixture  was  utilized  in  this 
stage  with  6  percent  bentonite  added  to  the  slurry.  The  properties  were 
7.  66  gallons  of  water  per  sack  in  a  slurry  weight  of  13.  3  ppg.  The  slurry 
volume  yield  was  1.  53  cubic  feet  per  sack. 

Because  of  the  delay  which  was  experienced  between  the  second 
and  third  stages  of  the  cementing  operation,  due  to  the  necessity,  for 
trucking  in  of  materials,  a  spearhead  of  1,  000  gallons  of  mud  cleanout 
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acid  wa«  circulated  ahead  of  the  cement  elurry.  The  extenaive  circulating 
time  could  have  left  a  depoaition  of  mud  cake  in  the  annulua  which  would 
have  had  a  detrimental  effect  upon  the  aecond  atage  cement  displacement. 

The  second  stage  cement  waa  retarded  with  four-tenths  percent 
HR-4  to  provide  adequate  pumping  and  diaplacement  timi  s. 

Third  Stage 

The  upper  atage  of  cement  was  a  50-50  mixture  of  pozzolan  and 
Portland  cement  with  6  percent  bentonite  added.  The  addition  of  thia 
bentonite  increased  the  slurry  volume  to  1.  5  cubic  feet  per  sack  and 
rendered  a  slurry  weight  of  13.  3  ppg.  No  retarders  were  added  to  this 
mixture  since  adequate  time  was  available  for  its  pumping  and  displacement. 

To  sumniarizci  the  cexrsnting  material  for  the  first  stage  was 
pozmix  140.  Thia  is  a  special  h;  temperature  cementing  material. 

The  second  and  third  stages  were  emented  with  mixtures  of  50-50  pozzolanic 
and  PojTtiand  cements. 

Operating  Procedures 

During  the  first  stage  of  cementation  the  primary  limitation  of 
the  diaplacement  rate  was  the  allowable  surface  pressure  of  600  psig. 

As  soon  as  the  preceding  cementation  was  completed,  the  bomb 
was  dropped  opening  the  next  stage  porta. 

After  circulation  had  been  established,  circulation  was  continued 
until  the  mud  properties  become  uniform.  Before  starting  to  place 
cement  in  stages  two  and  three,  the  hook  load  equivalent  to  the  weight 
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of  pipe  below  the  free  (Kiint  of  the  cement  wai  slacked  off.  Fifty 
thousand  pounds  of  residual  weight  was  necessary  to  land  the  slips  in 
the  casing  head. 

To  provide  for  adequate  setting  times,  24  hours  was  provided 
before  any  stage  collars  were  drilled  out. 

Materials  and  Equipment 

Because  of  the  difficulty  encountered  in  lowering  the  electric  log 
sondes,  a  caliper  log  was  not  available  for  calculation  of  cementing 
volumes.  A  substitute  method  of  calculation  was  employed  by  pumping 
down  tracers  and  calculating  an  equivalent  hole  size  from  the  lag  time. 

This  method  provided  the  following  volumes;  for  the  first  stage  1,  030 
sacks  of  pozmix  140  with  five-tenths  percent  HR-4  and  410  sacks  of 
gilsonite-pozmix  140  mixture.  The  second  stage  was  cemented  with 
2,  530  sacks  of  50-30  pozmix  and  Portland  cement  with  b  percent  ben¬ 
tonite  and  four-tenths  percent  HR-4.  The  top  stage  was  cemented  with 
2,020  sacks  of  50-50  pK>zmix  Portland  cement  with  6  percent  bentonite. 

At  the  rate  of  displacement  permissible  in  the  first  stage  of  the 
cementation,  the  friction  losses  would  approximate  300  psi.  The  equivalent 
hydrostatic  head  exerted  on  the  formations  would  be  5,  700  psia.  The 
difference  between  this  value  and  the  6,  300  psi  permissible  bottom-hole 
pressure  would  allow  600  psi  surface  pressure.  This  was  the  limiting 
value  for  the  first  stage  displacement. 
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The  validity  of  theie  aaaumptiona  waa  confirmed  aa  the  complete 
cementing  job  waa  conaummated  with  no  apparent  loaa  of  returna. 

Ab  mentioned  before^  the  casing  was  in  position  on  August  I9bi, 
at  2:13  p,  m.  At  this  time  the  cementing  head  was  placed  on  the  casing 
string  and  circulation  waa  eatabliahed  at  4  p.  m. 

The  first  stage  cementing  job  began  after  the  mud  system  had  been 
equalized  at  6:30  p.  m. ,  and  the  mixing  of  cement  began.  At  7:33  p.  m. 
the  cement  had  been  pumped  in  the  caaing  and  the  top  plug  was  positioned 
to  effect  the  displacement.  At  9:33  p.  tn.  the  cement  had  been  displaced 
without  incident  and  the  bomb  was  dropped  to  open  the  first  stage  tool. 

One  hour  later  800  psi  pump  pressure  waa  applied  to  the  caaing  and  the  stage 
tool  opened.  Circulation  waa  eatabliahed  with  a  pump  pressure  of  500 
psi.  So  that  the  weight  below  the  free  point  cOuld  be  slacked  off,  a 
minimum  of  12  hours  waiting  on  cement  time  waa  allowed  to  elapse. 

When  the  fluid  material  immediately  above  the  stage  collar  had 
been  circulated  to  the  surface,  it  contained  approximately  73  barrels  of 
cencent.  This  would  indicate  that  the  lower  stage  was  auccesafully  cemented 
and  preparation  for  stage  two  began. 

Twenty-eight  thousand  pounds  of  hook  load  waa  safely  slacked  off 
aince  this  represented  the  weight  of  casing  below  the  top  of  the  hardened 
cement. 
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On  August  4,  1961,  «t  3:45  p.  m.  the  second  stage  of  the  cementing 
program  was  inaugurated.  One  thousand  gallons  of  mud  acid  was  used 
as  a  spearhead  to  the  cement  mixture.  At  3:30  p.  m.  cement  was  being 
pumped  into  the  casing.  At  5:25  p.  m.  the  topping  was  positioned  to 
facilitate  the  displacement  of  the  cement  from  inside  the  casing.  At  6:08 
p.  m.  the  plug  landed  and  at  6:30  p.  m.  the  top  bomb  was  dropped  to  open 
the  upper  stage  tool,  At  6:32  p.  m.  800  pSi  pressure  on  the  casing  opened 
the  upper  stage  tool.  Circulation  was  maintained  with  a  pump  pressure  of 
300  psi.  At  8  p.  m.  it  was  noticed  that  approximately  100  barrels  of  cement 
were  circulated  to  the  pita.  This  indicated  a  good  cement  job  and  an 
overlapping  of  cement  area. 

For  some  unexplained  reason  during  the  circulation  the  stage  tool 
malfunctioned  and  mechanically  closed  itself.  To  complete  the  cementing 
operation.  6  holes  were  placed  in  the  casing  Just  above  the  stage  collar 
at  4.  30  i  feet. 

On  August  3,  1961,  at  11:53  a.m.  circulation  was  re-established 
with  a  pump  pressure  of  400  psi.  At  12:30  p.  m.  1,  000  gallons  of  mud 
acid  were  pumped  into  the  casing  foilowred  by  the  cement  mixture.  At 
1:20  p.  m.  the  cement  was  in  place  inside  the  casing  and  the  top  plug  was 
positioned  for  the  displacement.  At  1:50  p.  m.  the  circulatory  returns 
were  cement.  At  2:03  p.  m.  approximately  70  barrels  of  cement  had 
been  circulated.  At  this  time  the  pipe  rams  were  closed  and  ten  additional 
barrels  of  cement  were  pumped  in  an  attempt  to  seal  off  the  perforations. 
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After  the  connpletion  of  the  ceinentfttion  operations,  all  of  the  weight 
of  the  casing  string  was  slacked  off  except  the  residual  weight  required  to 
land  the  caslag  in  toe  slips  of  the  well  head.  A  period  of  24  hours  was  then 
allowed  for  the  setting  of  the  final  stage  of  cement. 

Testing 

The  8  5/8-inch  casing  was  set  at  a  depth  of  11,  171  feet  and  cemented 
in  three  stages  to  the  surface  with  6,050  sacks  of  cement.  Six  perforations 
were  made  in  the  casing  from  4,  501  feet  to  4,  502  feet. 

The  top  stage  collar  was  drilled  out  after  the  24-hour8  waiting-on- 

cement  time  had  elapsed  and  the  casing  was  pressured  to  2,  000  psi.  The 

pressure  testing  of  the  8  5/8-inch  casing  was  neceasar/  to  insure  that  a 

« 

segregation  existed  between  the  injected  water  and  the  shallow  ground 
waters  in  the  event  that  a  hole  in  the  3  1/2 -inch  injection  tubing  developed 
at  a  later  date. 

On  August  8,  1961,  a  series  of  tests  were  conducted  with  the  rig 
pumps  and  Halliburton  pumps  to  test  the  cementing  job  on  the  8  5/8-inch 
casing  string.  Each  of  these  tesU  indicated  a  loss  of  pressure  and  a 
remedial  squeeze  operation  was  necessary. 

Rather  than  squeeze  the  formation  with  extremely  high  pressures 
an  attempt  was  made  to  repair  the  existing  cement  bond.  Latex  cement 
was  selected  because  of  its  good  bonding  characteristics  with  all  other 
types  of  cements.  A  50 -sack  slurry  was  used  with  nine-tenths  gallons 
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of  latex  per  sack  of  mixture.  THe  alurry  weight  waa  15.  1  ppg,  the  water 
requirement  was  5  gallons  per  aack«  and  the  alurry  yield  of  the  volume 
was  1.  25  cubic  feet  per  sack.  A  pressure  of  2,  500  pel  was  used  to  attempt 
the  displacement  of  the  latex  cement  mixture. 

Subsequent  testing  indicated  the  leak  had  not  been  repaired  after 
suitable  waiting-on-cement  time.  One  additional  squeeze  operation, 
however,  using  the  same  volumes  and  cement  mixtures  achieved  a 
satisfactory  test. 

Liner  Installation 

After  the  8  5/8>inch  casing  had  been  set,  cemented  to  the  surface, 
and  tested,  a  6  3/4>inch  hole  was  drilled  to  the  existing  total  depth  ol 
12,  045  feet.  After  a  aeries  of  preliminary  injection  tests  had  been  con¬ 
ducted  it  was  concluded  that  the  additional  investment  of  the  liner  completion 
would  be  warranted. 

Because  of  the  availability  on  the  location  of  the  5  1/Z>inch,  23  #/ft. 
N-80  extremeiine  tubing,  it  was  selected  as  the  material  to  be  used  for 
the  liner.  The  bottom  of  the  liner  was  to  be  positioned  at  the  top  of  the 
fractured  granite  interval  while  the  top  of  the  liner  would  overlap  into 
the  bottom  of  the  8  5/ 8 -inch  casing  string. 

To  minimize  the  amount  of  cement  moving  downward,  a  magnesium 
open  hole  bridge  plug  was  placed  at  1 1,  985  feet  with  a  cement  plug  positioned 
on  top  of  this  obstruction.  The  liner  was  then  made  up  with  a  Baker  float 
shoe  shown  on  Figure  13  and  a  Baash-RosssLiner  Hanger. 
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Because  of  the  high  formation  temperatures,  the  cementing 
material  again  was  pozmix  140,  This  material  was  selected  because 
of  its  resistance  to  strength  retregression  at  high  temperatures. 

The  liner  was  run  and  poeitioned  without  incident.  After  the  cement 
had  been  displaced,  the  packing  element  was  withdrawn  from  the  liner 
hanger  and  reverse  circulation  initiated.  After  the  hole  had  been  thoroughly 
circulated,  final  completion  operatione  were  commenced. 
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PHYSICAL  OPERATIONS  (CON'T| 


PRELIMINARY  TESTS 

Two  typ«*  of  teiii#  were  conducted  at  the  Rocky  Mountain  Amenal 
Di&posal  well.  The  first  injection  teats  to  note  fluid  disposal  suscepti¬ 
bility  and  the  second  was  production  tests  to  attempt  to  obtain  a  represen¬ 
tative  reservoir  fluid  sample. 

Injection  Tests 

The  prospective  reservoir  exposed  from  1 1.  97i  feet  to  12,  045  feet 
was  tested  to  evaluate,  in  a  cursory  manner,  its  injection  possibilities. 

The  test  results  were  favorable  enough  to  warrant  initial  completion. 

This  phase  of  the  completion  operations  will  be  covered  thoroughly  in  a 
subsequent  report  entitled  "Initial  Fluid  Injection  Characteristics  Pre- 
Cambrian  Interval  '  to  be  released  March  15,  1962,  by  this  office. 
Production  Tests 

Before  the  drilling  rig  was  released,  efforts  were  made  to  obtain 
a  formation  fluid  sample  employing  air  lift.  A  method  of  lift  was  neces¬ 
sary  since  the  reservoir  pressure  was  not  sufficient  to  cause  natural  flow 
to  '.he  surface.  The  air  lift  method  of  production  proved  to  be  uneconomical 
because  of  the  low  rate  of  fluid  entry  into  the  well  bore. 

After  the  rig  was  removed,  a  beam  pumping  unit  was  installed  to 
lift  the  reservoir  fluid.  After  several  days  of  pumping,  fluid  entry  into 
the  well  bore  again  was  so  small  that  the  continuation  of  efforts  to  obtain 
a  sample  seemed  unwarranted. 
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A/t«r  1,  100  barrals  olf  fluid,  in  exceti  of  the  injected  volume, 
were  recovered  the  chloride  content  wee  Approximately  32,  000  ppm.  The 
trend  of  chloride  concentration  was  approaching  the  46,  000  ppm  present 
in  the  fluid  from  drill  stem  test  No,  14. 
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PHYSICAL  OPERATIONS  (CON'T) 


COMPLETION 

Th«  cAtlng  progriun  employed  on  the  Rocky  Mountain  Araenal  Well 
effectively  expoaed  the  open  hole  eection  from  1 97d  feet  to  12,  045  fest 
to  the  well  bore.  After  preliminary  injection  teata  had  indicated  the  pre> 
aence  of  a  potential  rcaervoir  through  thia  interval,  atepa  were  taken  to 
permanently  complete  the  well. 

Subaurface  Equipment 

A  print  of  the  type  packer  employed  for  the  aubsurface  inataliation 
ia  ahown  on  Figure  13.  Thia  packer  ia  a  Baker  Model  D,  which  haa  proven 
itaelf  in  many  yeara  of  oilfield  operation  as  one  of  the  more  dependable 
typea  of  packing  inataliation.  Thia  packer  affecta  the  aegregation  between 
the  injected  waters  inaide  the  tubing  and  the  freah  watera  in  the  tubing- 
caaing  annulua. 

The  packer  waa  aet  by  the  uae  of  wireline  implement  which  providea 
the  more  poaitlvc  aetting  mechaniam.  The  packer  waa  poeitiOned  juat 
below  the  firat  atage  cementing  collar  at  3,  998  feet.  The  well  bore  waa 
next  prepared  to  run  the  5  1/2-incb  23  Hit,  N«80  extrcmeliue  tubing  for 
the  injection  path. 

Tubins  Inataliation 


The  bottom  aection  of  the  tubing  string  ia  compoaed  of  a  Baker 


production  tube  which  ia  a  perforated  abort  length  of  tubing.  Thia  perforated 
tube  haa  an  inaide  diameter  opening  of  2  5/  16  inches.  This  dimension  ia 


depicted  on  Figure  7.  The  next  article  oi  initailation  ^ae  the  eeai 
nipple  aseembly.  This  aesembly  actually  affectit  the  packoff  within  the 
bore  of  the  Baker  Model  O  packer.  Both  the  teal  nipples  and  the  production 
tube  pass  through  or  arc  sealed  inside  the  packer.  The  tubing  itseli  is 
positioned  at  the  top  of  the  packer. 

Tubing  Set-Down  Weights 

After  the  tubing  had  been  run  and  positioned  at  the  top  of  the  Model 
D  packer,  6b,  000  pounds  tubing  weight  was  slacked  off  to  compensate  for 
subsurface  forces  acting  to  disrupt  the  tubing  to  annular  seal. 

Values  of  necessary  setdown  weights  were  calculated  taking  Into 
account  three  forces>»two  caused  by  changes  in  pressure  and  one  by 
temperature  variations.  These  forces  are  sommanzed  as  follows: 

1.  Force  due  to  internal  and  external  pressure  changes  acting  on 
the  end  areas  of  the  packer. 

2.  Force  due  to  internal  and  external  pressure  changes  acting  on 
the  inside  or  the  outside  walls  of  the  tubing,  causing  ballooning 
or  reverse  ballooning, 

3.  Force  due  to  temperature  changes  of  the  tubing. 

Under  the  conditions  of  injection  the  force  on  the  end  areas  of  the 
packer  would  produce  the  resultant  of  about  7,  000  pounds  in  a  downward 
direction.  The  ballooning  force,  force  No.  2,  resultant,  would  be  17,  000 
pounds  tn  an  upward  direction,  and  the  temperature  force,  force  No.  3, 
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would  be  55,000  pounds  in  an  upward  direction.  The  net  effect  on  the 
setdown  weight  would  be  a  reduction  of  65,  000  pounds. 

Since  this  force  is  equal  to  the  setdown  weight  emplo/ed  at  the  time 
of  the  inetallation,  the  tubing  will  be  ebsentiaily  in  equilibrium  with  the 
overall  length  of  the  seal  nipple  aeacmbly  being  an  insurance  factor  for 
tubing  annular  segregation.  Since  these  calculations  were  based  on  the 
wellhead  surface  pressure  of  2,000  pounds,  an  additional  safety  factor  is 
incorporated  in  the  calculations. 

Before  the  tubing  was  positioned  and  landed  the  final  time,  potable 
water  was  circcilated  into  the  annular  area  between  the  5  i/2~inch  tubing 
and  the  8  d/8-inch  casing. 

Stimulation 

Since  a  considerable  amount  of  drilling  fluid  was  lost  in  the  open 
hole  section  below  the  8  5/8-inch  casing  siioe,  3,  000  gallons  of  mud  acid 
were  injected  and  produced  back  to  cleanup  the  area  immediately  surrounding 
the  well  bore. 

Well  Head 

The  well  head  serves  as  a  banger  for  the  casing  and  tubing  as  well 
as  a  ccntrol  device  at  the  surface  to  permit  performance  of  necessary 
operations  u„der  various  well  conditions.  A  drs^wing  of  the  well  head 
equipment  installed  at  the  Rocky  Mountain  Arsrnai  ie  .'^hown  on  figure  8  . 
The  primary  sections  of  the  well  head  are  the  cajing  hanger,  tubing  spool, 
master  valve,  float  t(  e,  and  lubricator  valve. 
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Each  of  the  casing  strings  requires  a  hanger  positioned  at  the 
well  head.  Each  of  these  casing  strings  is  hung  from  this  hanger  by  means 
of  a  slip  and  seal  assembly,  Since  the  injection  pressures  will  be  applied 
to  the  tubing  spool,  it  must  be  a  3.  000  pound  working  pressure  which  is  an 
API  aeries  900  rating. 

Because  of  the  need  for  running  full  diameter  tools  within  the  tubing, 
the  master  valve  is  of  sufficient  size  to  allow  such  tools  to  pass.  A  6-inch 
series  900  full  opening  gate  valve  is  the  smallest  valve  commercially 
aveilable  which  met  this  requirement. 

A  6-inch  by  6>inch  by  4-.incb  series  900  studded  tee  is  positioned 
above  the  master  valve  with  a  4. inch  outlet  oriented  to  receive  the  flow 
line.  This  opening  is  commensurate  with  the  diamet  r  of  the  discharge 
lines  above  the  injection  pumps. 

The  small  diameter  gate  valve  above  this  flow  line  tee  allows  the 
introduction  of  special  tools  into  the  well  bore  without  dismantling  the 
well  head.  This  valve  has  an  inside  diameter  opening  comparable  with 
2  1/2-inch  tubing. 

At  the  top  of  this  valve,  called  the  lubricating  valve,  a  tapped  bull 
plug  leads  to  a  needle  valve  and  gauge  which  are  provided  for  visual 
observation  of  the  tubing  pressure.  All  of  these  fittings  are  rated  at  3,  000 
psi  working  pressur'.'.  This  well  head  design  prttvides  for  all  foreseeable 
requirerr.ent  j  within  the  2,  000  psi  operating  pressure  anticipated. 


Surface  Safety  Devicm 

With  the  tubing  landed  in  the  packer  at  the  bottom  end  and  the 
tubing  in  the  slipa  and  sealing  assembly  at  the  well  head,  the  annular 
volume  between  the  5  1/Z>inch  tubing  and  the  8  S/B-inch  casing  becomes 
a  closed  chamber.  If  any  leaks  occur  in  this  chamber,  a  pressure  sensing 
device  at  the  well  head  would  be  activated.  For  this  reason,  a  continuous 
pressure  recording  device  is  incorporated  in  the  well  head  design.  By 
this  means  any  anomalous  pressure  behavior  in  the  annulus  will  be  detected 


Immediately  and  remedial  steps  can  be  initiated. 


i 
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DEVIATION  FROM  DESIGN 

DRILLING 

The  deviation  of  actual  drilling  program  detaiU  and  time  schedule 
from  the  program  and  forecasts  presented  in  the  Final  Design  Analysis 
report  released  by  E.  A.  Poiumbus,  Jr.,  and  Associates,  Inc.,  on  July  5, 
1960  is  summarised  in  the  following  tabulation; 


Items  Estimated 

Actual 

Difference 

Total  Depth 

11,400' 

12,045' 

«  645' 

Number  of  Cores 

15 

28 

•  1 3 

Footage 

689' 

639' 

-  50 

Drill  Stem  Tests 

14 

14 

Electric  Log  Runs 

2 

3 

-  1 

*  1 

Casing  Strings 

3 

4 

Time  Analy 

Net  drilling  time 

sis -Spud  to  Total  Depth 

Days 

46.67 

55.  30 

* 

Coring  and  reaming 

30.  19 

40.50 

-10. 31 

core  hole 

Drill  Stem  Testing 

13.00 

13.60 

*  D.60 

Electric  logging 

1.50 

4.80 

-  3.  30 

Run,  Cement,  WOC  and 

6.00 

18.20 

•12. 20 

recement  casing 

Lost  circulation,  mix  mud. 

7.00 

31.50 

.24.  50 

condition  hole 

Fishing;  drill  pipe,  bit  cones. 

0.00 

8.90 

•  8.90 

junk,  etc. 

Contingencies  including 

5.00 

5.90 

*  0.90 

waiting  on  orders 

Rig  repairs 

0.00 

6.30 

*  6.  30 

Total  Days 

109. 36 

185.00 

•75.64 

Reference  to  the  DASCO  drilling  analysis  chart  (Figure  6  )  shows 
that  net  drilling  time  in  the  Arsenal  well  from  surface  to  the  top  of  the  Lyons 
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dt  9t  582  feet  was  33  days.  Thia  comparea  to  33  net  drilling  daya  forecaat 
in  the  Final  Dealgn  Report  required  to  reach  the  top  of  the  Lyona  at  an  eati* 

V 

mated  depth  of  9i  ?46  feet. 

The  forocaat  net  drilling  time  from  the  top  of  the  Lyons  to  the  eati-  ^ 

mated  total  dopth  of  11,  400  feet  was  26  days  for  the  anticipated  1,  654  feet 
net  interval.  The  1,  8 16 -foot  interval  penetrated  in  the  Arsenal  well  from 
the  top  of  the  Lyons  at  9<  582  feet  to  11,400  feet  required  51,5  net  drilling 
days.  The  section  of  this  report  dealing  with  Penetration  treats  of  the 
varioua  factors  in  the  Araenal  well  contributing  to  this  difference  of  25.  5 
net  drilling  days. 

GEOLOGY 


The  following  tabulation  summarizes  the  estimated  versus  actual 
depths  of  the  various  geological  marker  tops  in  the  Arsenal  well; 


Depth  to  Top 


Geologic  Formation 

Estimated 

Actual 

Fox  Hills 

1.  345' 

1,  250 

Pierre  Shale 

1,455’ 

1,480 

Hygiene  Zone 

5, 325’ 

5,448 

Niobrara 

7,  805’ 

7,  710 

Carlile  Shale 

8,078 

Greenhorn  Limestone 

• 

8.  120 

Cranerous  Shale 

8,  345 

"J"  Sandstone 

8. 576’ 

8,  485 

Dakota  Sandstone 

8. 816’ 

8,  633 

Lakota  Sandstone 

8,9i6’ 

8.  730 

Morrison  Formation 

8.936' 

8.  786 

Lykins  Formation 

9,  341' 

8.072 

Lyons  Formation 

9,  746' 

9.  582 

Fountain  Formation 

9,865' 

9.772 

Regolith 

- 

11,880 

Ordovician?  Cambrian? 

- 

11,895 

Pre- Cambrian  Schist 

- 

11.950 

Pre -Cambrian  Gneiss 

11,  400' 

11,970 
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CASING  AND  COMPLETION  PROGRAM 


The  principal  diilerenccs  between  the  program  originally  designed 
and  the  program  actually  followed  were  the  setting  depth  of  the  8  5/8-inch 
casing  string  and  the  total  depth  of  the  well. 

Hole  conditions  dictated  the  necessity  for  the  premature  setting  of 
the  casing  while  the  actual  depth  was  some  600  feet  deeper  than  that 
anticipated.  Because  of  these  conditions,  a  liner  completion  was  neces¬ 
sary  to  case  off  the  interval  from  the  top  of  the  pre -Cambrian  rocks  to  the 
bottom  of  the  8  5/8-inch  casing. 

The  following  table  summarizes  some  of  the  main  points  of  neces¬ 
sary  deviation; 


Total  Depth 

Casing  Setting  Depths 
20  -inch 
13  3/8-inch 
8  5/8-inch 
5  1/2-inch 

Packer  Setting  Depth 

Tubing  Required 

Casing  for  Liner 
5  l/2.inch 

Perforating 


Designed 

11,  400  ft.  *  300  ft. 

125  ft. 

2,  000  ft. 

11,400  ft. 

Not  Required 

10,  000  ft. 

10,000  ft.  (approx.) 

None  Required 
Jets  or  Bullets 


Actual 
12,  045  ft. 

135  ft. 

2,  020  ft. 

11.  171  ft. 

11,975  ft.  (liner) 

9,  000  ft.  (approx.) 

9,  000  ft.  (approx. ) 

1,  000  ft.  (approx. ) 
None  Required 
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RESUME  or  ORGANIZATIONAL  FUNCTIONS 

The  design  and  drilling  of  Ri  rity  Mountain  Arsenii  Pressure 
Injection  Disposal  Well  waa  aasigned  to  the  U.  S.  Army  Corps  of  Engineers, 
Omaha  District,  by  the  U.  S.  Army  Chemical  Corps.  The  Corps  of 
Engineers  in  turn  engaged  the  firm  of  E.  A.  PolombuSt  Jr.,  and  Associates, 
Inc.,  to  design  the  Well,  supervise  the  drilling  and  completion,  provide 
the  necessary  engineering  and  geological  services,  and  manage  the  pro¬ 
ject.  These  services  were  provided  for  under  an  Architect-Engineer  type 
contract  (contract  No.  DA-25-066-eng-6033).  The  design  of  the  treating 
plant  facilities  was  assigned  to  A.  J.  Ryan  and  Associates  under  a  separate 
contract. 

Corps  of  Engineers 

Colonel  H.  G.  Woodbury,  Jr.,  District  Engineer,  U.  S.  Army 
Corps  of  Engineers,  Omaha  District,  appointed  Lt.  Colonel  J.  M.  Frassrand 
as  Contracting  Officer  for  contract  DA-6033.  Colonel  J.  J.  Haley  replaced 
Lt.  Colonel  Frassrand  in  October.  1961.  Mr.  Ralph  E.  Rader,  Chief 
Military  Design  Branch,  served  as  Contracting  Officer’s  Representative 
throughout  the  term  of  the  contract. 

Other  Corps  of  Engineers  supervisory  personnel  who  were  directly 
or  closely  associated  with  the  project  were  Mr.  J,  Ackerman  and  Mr. 

Gordon  Haugse.  Mr.  Ackerman  was  aggressively  involved  during  the 


initial  phases  of  the  negotiations  between  the  Corps  of  Engineers  and  the 
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Poiumbus  firnri.  He  aleo  wan  active  in  later  critical  phaae«  ct’  an 
adminittrative  nature.  Mr,  Haugse  ionctioned  throughdui  the  term  ol' 
the  contract  in  a  iiaiion  capacity  expediting  necessary  contacts  between 
Polumbus  perivnnel  and  the  Corps  of  Engineers, 

The  Corps  of  Engineers'  field  repfftsentativc  was  Mr,  J.  ZcUingcr. 
He  was  assigned  to  the  w-ell  site  as  a  geological  observer. 

Chemical  Corps 

Although  not  directly  involved  in  the  design  or  construction  phase 
of  the  project,  the  Rocky  Mountain  Arsenal  administrative  personnel 
contributed  appreciably  to  the  efficient  functioning  of  the  operation.  Through 
their  co-operative  efforts.  Colonel  William  J.  Allen.  Jr..  Commanding 
Officer  until  his  retirement.  September  30,  1961,  his  successor.  Colonel 
Charles  H.  McNary,  and  Mr,  George  F.  Donnelly,  Chief,  Engineoring 
Ehvision,  effected  a  well  co-ordinated  relationship  between  the  Arsenal 
Coniplex  and  the  drilling  operation. 

Mr.  John  O.  Neighbours,  Jr,,  was  assigned  to  the  project  as  an 
engineering  observer  on  the  well  site.  His  familiarity  with  governmental 
procedures  and  visiting  government  personnel  coupled  with  the  knowledge 
he  acquired  during  the  progress  of  the  operation  was  of  considerable  aid 
to  the  project  management. 
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£,  A.  Polumbui,  Jr.,  and  Axociatct,  Inc, 

Mr.  £.  A.  Polumbut,  Jr.,  president  of  the  conaulting  petroleum 
engineering  firm,  appointed  Mr,  O.  E.  Mechem  as  project  manager  for 
aU  engineering  and  operations  work  done  under  contract  OA-6033.  Prior 
to  this  contract  Mr.  E.  O,  Gregory  of  the  Poiumbus  firm  was  in  charge 
of  the  preliminary  design  work  conducted  under  the  earlier  contract, 

DAo969.  Mr,  D.  M,  Love  was  appointed  to  handle  the  comptroller 
aspects  of  the  contract  which  involved  matters  of  finance,  accounting, 
and  bookkeeping. 

The  design,  planning,  and  contracting  phases  of  the  contract  were 
handled  by  various  specialists  in  the  Poiumbus  firm,  with  the  details  being 
handled  for  the  most  part  by  Mr.  C.  E,  Haskett  and  Mr.  Ai  Samuels. 

Mr.  Mechem  personally  conducted  conferences  and  negotiations  regarding 
drilling  specifications  and  design  of  a  drilling  contract.  This  effort 
culminated  in  a  contract  (No.  67Z4)  being  awarded  to  the  Loffland  Brothers 
Company  for  the  drilling  of  the  well.  Mr.  Henry  Sikso  served  as  Contracting 
Officer's  Representative  for  the  Loffland  contract.  Inasmuch  as 
E.  A,  PolumbuSj,  Jr,,  and  Associates,  Inc.,  under  contract  No,  6033 
was  authorized  to  manage  the  drilling  operation  under  contract  No.  6724, 
a  close  association  developed  in  the  co-ordinated  handling  of  the  two 
contracts.  Not  only  were  the  physical  operations  conducted  under  the 
direction  of  the  Poiumbus  firm,  but  the  accounting  of  expenditures  for 
both  contracts  was  routed  through  the  Poiumbus*  office  comptroller  section, 
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Mr.  Mcchctn'a  duties  as  project  manager  for  £.  A.  Polumbus, 
Jr.,  and  Associates  covered  all  phases  of  the  drilling  and  completion 
of  the  well.  He  was  required  to  be  familiar  with  all  developments  on 
the  Well,  and  to  be  available  for  conferences  at  the  well  site  as  well  as 
in  the  various  business  offices  at  ail  times. 

The  contract  called  for  24-hour  engineering  supervision  at  the 
Weil  Site.  Engineers  from  the  Polumbus  firm  v/ere  assigned  to  regular 
and  relief  12-hour  shifts.  Mr.  Ai  Samuels  was  designated  as  Project 
Drilling  Engineer  on  the  well  site.  He  maintained  constant  contact  with 
the  well  either  by  actually  working  at  the  site  during  one  of  the  12-hour 
shifts  or  through  telephone  contact  with  (he  engineers  on  duty. 

Mr.  L.  J.  Scopel  was  the  Project  Geologist  and  was  responsible 
for  all  geological  aspects  of  the  operation.  He  was  available  on  24-hour 
call  throughout  the  drilling  of  the  well.  The  Bacoid  mud  logging  facilities 
included  operators  on  the  unit  on  a  24 -hour  basis.  This  personnel  was 
under  the  supervision  of  the  Project  Geologist. 

Mr.  J.  H.  Garrett  was  the  Project  Completion  Engineer  and 
directly  supervised  the  completion  activities,  including  injection  testing, 
procurement  of  formation  water  samples  and  the  final  setting  of  the  well 
head. 

Various  other  members  of  the  Polumbus  staff  followed  specific 
phases  of  the  operation  and  were  available  for  consultation  or  field 
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operation  in  their  apccialitiua.  Among  ?  v  ere  Mr.  B.  A.  Lc^r  as 
Project  Testing  Enr,-neer,  and  Mr.  D.  A.  1.  land  .'as  Project  Res.:*-. olr 
Engineer. 

Throughout  all  phases  the  Project  Manager  was  informed  dally  of 
the  progress  and  developments  on  the  well.  He  was  also  notified  of  any 
special  developments  at  the  time  of  occurrence.  ’'his  information  was 
relayed,  daily,  to  the  Corps  of  Engineers  in  Omaha.  Whenever  a  question 
arose  or  technical  and/or  managerial  advice  were  required,  the  entire 
staff  of  the  Polumbus  firm  as  well  as  specialists  from  the  drilling  con¬ 
tractor  and  oilfield  service  companies  were  available  for  consultation. 
Conferences  were  held  in  the  Polumbus  Denver  offices  and  at  the  field  office  for 


all  major  decisions. 

Following  is  a  list  of  technical  and  managerial  personnel  in  the 
Polumbus  organization  that  were  associated  directly  with  the  drilling 
and  completion  of  the  Rocky  Mountain  Arsenal  Pressure  Injection 
Disposal  Well: 


Drilling ,  Completion,  Testing,  and  Management 


E.  A.  Polumbus,  Jr.  President  and  General  Manager 

O.  £.  Mechem  Project  Manager 

D.  M.  Love  Comptroller 


A.  Samuels 

J.  H.  Garrett,  Jr. 
D.  A.  Rowland 

B.  A.  Lear 
L.  J.  Scopel 


Project  Engineer -Drilling 
Project  Engineer -Completion 
Project  Engineer-Reservoir 
Project  Engineer-Testing  and  Logging 
Project  Geologist 
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Operations 


G.  C.  Welch 

Engineer 

H.  H.  Sells 

Engineer 

F.  J.  Kirchman 

Engineer 

J.  C.  Bosio 

Engineer 

H.  B.  Shirley 

Geologist 

Advisory 

G.  R.  Downs  Geology 

M.  S.  Legge  Drilling  Analysis 

C.  E,  Haskett  Design  Engineer 

£.  O.  Gregory  Design  Engineer 

Loffland  Brother*^  Company 

The  drilling  operations  staff  of  Loffland  Brothers  Company  was 
available  for  consultation  throughout  the  drilling  of  the  well.  Mr.  C. 
tValker.  the  division  manager  in  Casper,  Wyoming,  was  in  daily  contact 
with  the  drilling  operation  through  his  superintendent,  Mr.  K.  W.  Conner 
and  the  location  drilling  foreman  (toolpusher)  Mr.  Louis  Brown.  Mr.  Brown 
was  in  clos^g  j4-hour  contart  with  the^  well.  —This  team  of  drilling  experts 
was  supported  by  the  Loffland  drilling  engineering  staff  in  Casper,  Wyoming, 
and  in  Tulsa,  Oklahoma. 


Service  and  Equipment  Companies 

Contract  DA-6033  included  provisions  that  required  E.  A.  Polumbus, 
Jr.,  and  Associates,  Inc.,  to  procure  specialized  services  and/or  equip¬ 
ment  as  needed  during  the  drilling  and  completion  of  the  well.  Following 
is  a  list  of  companies  that  provided  such  services  and/or  equipment. 
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Actre  Tool  Transportation,  Inc. 

Armco  National  Supply  Division 
Armco  Steel  Corporation 

Aurora  Sand  L  Gravel  Co. 

Baash-RoBB  Division  of 
Joy  Manufacturing  Co. 

Betlilehem  Steel  Company 

Bromley  and  Siebert  Excavating. 
Inc. 

Continental -Em SCO  Company 

Cox  Welding  Service 

The  Denver  and  Rio  Grande 
Western  Railroad  Co, 

Orilco  Oil  Tools.  Inc. 

Duke's  Truct  Si  Auto  Repair 

Frohlick  Crane  Service 

G.  &  L,  Tractor  Service,  Inc. 

Halliburton  Company 

John  Sunning  Transfer  Co. ,  Inc. 

Maddox  Oil  Company 

Miers  Well  Service,  Inc. 

Miner  Machine  Company 

O'Quinn  b  Murray,  Inc. 

Prestons  Welding  Service 


A.  J.  It  J.  Welding  Service 

Associated  Oil  Field  Rentals 
Division  of  Homco 

Aurora  Welding  b  Repair  Service 

Baker  Oil  Tools,  Inc, 

Baroid  Division 
National  Dead  Company 

Cable  Drilling,  Temperature  and  Well 
Servicing  Co. 

Core  Laboratories,  Inc, 

Oalgarno  Transportation,  Inc, 

Dowell 

Division  of  the  Dow  Chemical  Co. 
Drilling  It  Service,  Inc, 

The  Farley  Machine  Works  Co. 

Grant  Oil  Tool  Company 

Hagan  Chemicals  k  Controls,  Inc. 

Houston  Oil  Field  Material  Co.mpany,  Inc, 

Lane- Wells  Company 

Mid- Cc'ntinent  Supply  Co.,  Inc. 

Mine  L.  Smelter  Supply  Co. 

Oil  Well  Perforators,  Inc. 

Power  Rental  Equipjent,  Inc. 
Schlumberger  Well  Surveying  Corporation 


-93- 


i  A  tCM/MRUf 


ANH  lATC’- 


Tombin  T  raniportation  Company 
Well  Completions  Incorporated 

Wright  Petroleum  Laboratories 


Treasurer  of  the  United  States 
Headquarters.  Rocky  Mountain  Arsenal 

Winslow  Crane  Service 
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PROSPECTIVE  INJECTION  RESERVOIRS 
SELECTION  PARAMETERS 

In  the  Fin&l  Design  Analysis  tor  the  Rocky  Motutain  Arsenal 
Pressure  Injection  Disposal  well  eight  of  the  geologic  formations  or  units 
to  be  penetrated  were  considered  as  objective  horizons  in  the  search  for 
an  injection  reservoir.  The  well  was  completed  with  the  lowermost  70 
feet  of  the  well  bore,  in  fractured  prc>Cambrian  rock,  being  tested  as 
the  initial  injection  reservoir.  This  section  had  not  been  predicted  as  a 
prospective  injection  reservoir. 

The  stratigraphic  section  and  the  mechanical  aspects  of  the  well 
are  summarized  in  the  frontispiece.  Table  1  also  shows  the  details  of 
the  stratigraphic  section. 

The  interval  under  test  is  exposed  in  the  open  hole  below  the  5  1/2* 
inch  liner.  Regardless  of  the  results  of  the  initial  fluid  injection  it  is  to 
be  expected  that  at  some  time  in  the  future  this  disposal  reservoir  will 
have  accepted  its  capacity  of  waste  fluids  at  designed  injection  pressures 
and  a  new  injection  reservoir  will  have  to  be  sought  in  the  cased  portions 
of  the  hole.  When  or  before  this  occurs  the  potential  of  the  various  strata 
in  the  well  to  serve  as  a  waste  disposal  reservoir  should  be  evaluated. 
Selection  of  the  next  reservoir  to  be  tested  will  be  based  not  only  on  the 
relative  merits  of  the  strata,  but  also  on  operational  factors. 


It  ii  not  within  the  ecope  of  this  report  to  proicnt  a.  detailed 
evaluation  of  tho  waste  disposal  reservoir  potential  of  all  of  the  strata  of 
the  well*  Howevert  a  brief  discusaioa  of  the  necessary  considerations 
lor  such  an  evaluation  is  presented  and  the  observed  physical  character¬ 
istics  of  the  various  formations  are  summarized. 

There  are  two  basic  considerations  in  estimating  the  potential  of 
subsurface  strata  to  serve  as  an  injection  reservoir,  i.  e.,  storage  capacity 
of  the  rocks  and  accessibility  to  this  storage.  More  commonly  expressed, 
it  is  necessary  to  ascertain  if  there  is  porosity  in  the  rock  indicating  the 
existence  of  storage  space  and  if  permeability  is  present  to  permit  fluid 
to  enter  the  pore  space  at  desired  rates  and  pressures.  The  quantitative 
inter-relationships  of  these  factors  and  other  considerations  such  as 
friction  and  volume  arc  complex,  but  the  basic  requirement  is  permeability 
and  porosity. 

Most  rocks  exhibit  some  degree  of  natural  permeability  and 
porosity.  The  natural  permeability  and  porosity  of  unsealed  indigenous 
fractured  in  the  rocks  are  also  important  considerations  in  that  they 
provide  large  areal  access  to  the  pore  space  in  the  matrix  rock.  Further¬ 
more,  fractures  can  be  induced  or  natural  fractures  can  be  enhanced  by 
mechanical  means.  In  calcareous  materials  acid  treatment  can  increase 
permeability  near  the  well  bore  and  thus  provide  increased  access  to 
the  matrix  material. 
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An  idenllxed  injection  reeervoir  would  h*v«  an  interval  of  highly 
poroui  and  permeable  rock.  Open  fracturest  cither  natural  or  induced^ 
would  be  preeent,  if  neceaaary,  to  provide  rapid  distribution  of  the  fluid 
from  the  well  bore  and  to  give  widely  diatributed  contact  of  the  fluid  to  the 
porous  and  permeable  rock.  Lacking  these  idealized  conditions.  compro> 
ml  sea  and  adjustments  have  to  be  accepted. 

In  the  case  of  the  Arsenal  well,  it  can  be  stated  that  in  .11  cases 
the  rocks  penetrated  In  the  various  objective  zones,  exhibited  low  porosities 
and  ;'ery  low  permeabilities.  It  is  doubtful  that  sufficient  matrix  permea> 
bility  and  porosity  exist  to  establish  any  one  of  the  objective  zones  as  a 
reservoir  utilizing  a  practical  thickness  of  this  rock.  However,  numerous 
fractures  were  observed  in  cores,  in  portions  of  a  large  interval  in  the 
well,  and  additional  fracturing  is  inferred  and  interpreted  to  exist  from 
log  data  and  lost  circulation  occurrences. 

It  is  believed,  therefore,  that  in  selecting  injection  zones  in  the 
Arsenal  well  that  determination  of  the  more  highly  fractured  zones  will 
be  a  prime  consideration.  Secondarily,  the  matrix  characteristics  of 
the  various  fractured  zones  should  be  compared.  These  factors  should 
then  be  considered  and  balanced  against  the  operational  factors  before 
selecting  a  zone  to  be  tested. 

Since  the  Arsenal  well  is  located  a  considerable  distance  from  other 
wells  penetrating  the  same  sediments,  and  since  it  is  so  far  removed  from 
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the  outcrop  extrapoluttonii  are  not  poaaible.  Thua,  it  ia  neceaaary 

to  aiaumc  thnt  the  phyaicai  charactcrlatlca  obaerved  in  the  well  bore  will 
be  continuous  over  the  radiua  of  influence  of  the  well. 

la  the  programmlA]}  and  the  drilling  of  the  Arsenal  well<  gathering 
of  data  was  a  prime  consideration.  Economics  and  operational  conalderationa 
aometimet  forced  modifications  of  this  program,  but  every  effort  was  made 
to  obtain  the  necessary  data  for  evaluation  of  the  injection  reservoir  poten¬ 
tial  of  the  strata  penetrated. 

Some  of  the  more  important  tools  and  data  to  aid  in  this  evaluation 


are  listed  below: 


Cores 

De  scriptiona 
Analyses 

Formation  Logs 


Sample  Dcsririptions 
Induction-Electric  Logs 
Micrologs 
Sonic  Logs 

Gamma  R?y-Neutron  Logs 
Mud  Logs 


Drill  Stem  Tests 


Drilling  Records 


Penetration  Rate  Changes 
Lost  Circulation  Zones 
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Cores 


Cores  src  thr;  most  positive  inrilcatlon  of  subsurface  conditions 
available.  \^ith  them  it  is  possible  to  examine  an  actual  piece  of  the 
fornnation  of  significant  size.  The  lithology  and  physical  makeup  can  be 
seen«  fractures  can  be  observed  and  direct  measurements  of  the  physical 
characteristics  of  the  rock  can  be  made. 

Among  the  most  important  core  measurements  available  from  the 
pressure  injection  well  at  the  present  time  are  the  matrix  permeabilities 
smd  porosities  measured  on  the  recovered  cores.  The  descriptions  of 
the  frcMuency,  size  and  nature  of  fractures  arc  also  very  valuable. 

The  limitations  of  core  data  should  be  recognized.  Cores  only 
provide  data  over  a  limited  Interval.  Extrapolations  arc  made  and 
continuity  of  character  is  frequently  assumed,  but  the  quality  of  much  data 
is  dependent  on  the  percentage  of  total  section  cored  and  the  manner  of 
selection  of  the  cored  interval.  For  example,  cores  objectively  taken  at 
pre<determined  intervals  are  statistically  more  representative  of  the 
characteristics  of  the  total  section  than  cores  taken  wherever  some 
favorable  formation  characteristics  were  noted. 

During  the  drilling  of  the  Arsenal  well,  a  total  of  28  cores  were 
attempted.  These  cores  cut  639  feet  of  section  from  which  575  feet  were 
recovered.  This  gives  a  recovery  percentage  of  90  percent.  Table  7 
lists  the  cored  intervals  and  formations  as  well  as  the  recoveries. 


-99- 


<-Ol  *i***U‘  - 


AN*  ATt  • 


Formation  Logit 

Because  of  economic  and  operational  limitations,  evaluation  tools 
such  as  cores  and  drill  stem  tests  are  only  used  in  Selected  or  limited 
portions  of  a  hole,  On  the  contrary  the  various  formation  logs  normally 
provide  data  for  the  full  section  penetrated.  Most  types  of  logs,  however, 
are  records  of  measurements  or  observations  of  various  physical  proper- 
ties  of  the  strata.  Moat  frequently  these  data  are  not  directly  applicable 
to  reservoir  problems  and  to  bi  usable,  interpretations  and  cnicilationa 
based  on  theoretical  or  empirical  relationships  are  required. 

From  the  sample  logs  and  the  various  electrical  logs  the  lithology 
and  thickness  of  the  strata  can  be  determined.  The  quality  of  data  from  a 
sample  log  is  dependent  on  such  factors  as  the  nature  of  the  rock,  the 
drilling  rate,  and  the  nature  of  the  drilliag  fluids.  The  primary  application 
is  the  determination  of  lithology  and  only  qualitative  observations  of 
reservoir  parameters  such  as  permeability  and  porosity  are  possible. 

In  addition  to  their  application  in  the  determination  of  lithology  and 
thickness  of  strata, the  various  electrical  logs  can  be  utilized  in  calculating 
porosities.  Especially  where  core  data  is  available  for  checking  and 
calibration,  usable  porosity  data  can  be  calculated  from  the  logs. 

At  the  present  time  there  are  no  recommendabie  interpretative 
techniques  to  estimate  formation  permeability  from  the  formation  logs. 
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The  Sonic  log  ii  the  moat  uaeful  tool  tn  calculating  poroaity,  and 
in  addition  it  givea  valoabie  i^Hicationa  regarding  the  poaaible  location  of 
fracturea  or  fracture  zonra.  Although  these  data  arc  not  completely 
definitive,  the  indicationa  are  aufficiently  reliable  to  be  uacd  as  aupporting 
evidence.  One  ahortcomlng  of  the  Sonic  log  in  locating  fracturea  ia  that 
it  givea  no  indication  of  vertical  fracturea. 

A  aummary  of  the  varioua  loga  taken  during  the  drilling  and 
completion  of  the  Araenal  well  is  shown  in  Tabic  2*^ 

Drill  Stem  Testa 

From  successful  drill  stem  teats,  data  can  be  obtained  in  regard 
to  the  fluid  contained  in  the  rock,  the  reservoir  pressure,  and  the  overall 
capacity  of  the  tested  interval  to  transmit  fluid.  Each  of  these  is  applicable 
in  the  evaluation  of  prospective  injection  reservoirs. 

From  the  standpoint  of  contamination,  it  is  not  desirable  to  inject 
waste  fluids  into  any  strata  considered  to  have  a  potential  for  producing 
oil  or  gas  within  the  effective  area  of  the  injection  reservoir.  Although 
the  various  samples  and  logs  give  some  indications  of  the  fluid  content 
of  the  formation  rocks,  a  drill  stem  tost  is  the  most  positive  means  of 
actually  sampling  the  formation  fluid  during  the  drilling  of  a  well. 

Injection  in  a  reservoir  is  accomplished  by  compressing  the  natural 
reservoir  fluids  which  are  assumed  to  occupy  100  percent  of  the  pore  space 
in  the  rock  at  the  natural  resurvoir  pressure.  The  space  thus  created  is 
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then  occupied  by  the  was*.e  or  injected  fluid.  If  the  natural  reeervoir 
pressures  are  abnormally  high,  excessive  injection  presnures  are  required. 

The  pressure  of  a  reservoir  can  be  obtained  from  the  pressures 
re  orded  during  a  drill  stem  test  or  from  extrapolations  made  from  these 
pressures. 

Calculations  from  drill  stem  test  pressures  may  show  the  overall 
capacity  of  the  tested  interval  to  transmit  fluids.  This  is,  of  course, 
directly  applicable  to  the  evaluation  of  the  initiil  injection  capacity  of  the 
interval. 

A  total  of  14  drill  stem  testa  including  one  wireline  test  were 
attempted  in  the  well.  Of  these,  ten  of  the  drill  stem  tests  were  mechani¬ 
cally  successful.  Due  to  the  low  permeabilities  in  the  rocks  tested,  it 
would  have  required  prohibitively  long  testing  periods  to  have  obtained 
optimum  pressure  data.  Therefore,  in  many  of  the  tests,  it  will  not  be 
possible  to  make  reliable  quantitative  pressure  interpretations. 

The  details  of  each  test  are  shown  in  Tables  9  through22  .  A 
summary  of  the  tests  and  intervals  is  shown  on  page  53. 

Drilling  Records 

One  of  the  most  valuable  tools  to  assist  in  evaluating  prospective 
injection  horizons  is  the  record  contained  in  the  drilling  log  of  occurrences 
of  lost  circulation  while  drilling. 
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I  1^  When  lott  circu  ;on  occurs,  it  means  that  in  the  strata  being 

drilled  or  in  some  po  jn  of  the  strata  already  drilled,  the  natural  rescr* 
voir  pressure  has  bem  exceeded  by  the  hydrostatic  pressure  of  the  mud 


column  to  the  extent  that  tnud  is  being  injected  into  that  strata.  In  essence, 
by  accident,  the  well  becomes  an  injection  well  during  the  period  of  the 
mud  loss. 

The  identification  or  location  of  the  interval  of  lost  circulation  is 
not  always  possible.  However,  most  frequently  the  lost  circulation  occurs 
in  the  zone  being  drilled,  A  careful  analysis  of  penetration  rates,  mud 
characteristics,  remedial  procedures  used  and  well  performance  after 
the  resumption  of  drilling  must  be  coupled  with  other  analyses  of  cores 
and  formation  logs  before  an  interpretation  of  the  location  of  a  lost  circulation 
zone  is  made.  Lost  circulation  occurrences  are  graphically  portrayed  in 
Figure  10. 
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PROSPECTIVE  INJECTION  RESERVOIRS  (CON’T) 


CHARACTERISTICS  OF  POTENTIAL  INJECTION  RESERVOIRS  PENETRATED 
In  the  Final  Design  Aoalytia,  all  of  the  anticipated  objective 
injection  reservoirs  to  be  penetrated  in  the  Arsenal  well  were  considered 
and  disease  ^  These  included  the  Hygiene  sandstone  zone,  the  Codell 
sandstone,  the  "J"  sandstone,  the  Dakota  sandstone,  the  Lakota  sandstone, 
the  Morrison  formation,  the  Lyons  formation,  and  the  Fountain  formation. 

The  fracture  i  pre-Cambrian  rock  interval  which  is  being  initially  tested 
was  not  originally  predicted  to  be  a  possible  injection  reservoir. 

In  the  following  discussions  frequent  reference  is  made  to  specific 
data  regarding  the  various  strata.  The  following  list  shows  where  these 
various  data  are  found  in  the  report: 


Stratigraphic  section 
Sample  and  core  descriptions 

Core  descriptions _ 

Core  analyses 
Summary  of  cores 
Drill  stem  test  summary 
Drill  stem  test  results 
Formation  logs 
Drilling  records 


Frontispiece  and  Table  1 
Sample  log  -  Vol,  III 

^able  2 - 

Logs  -  Vol.  lU.  Table  23 
Table  7 
Page  53 

Tables  9  to  22 
Vol.  HI 

Figure  10  and  Vol.  II 


Hygiene  Sandstone 

The  Hygiene  sandstone  zone  in  the  Arsenal  well  is  composed 
primarily  of  sandy  shales.  Since  no  sandstone  development  of  significance 
was  noted,  this  zone  is  regarded  as  having  no  potential  as  an  injection 
reservoir. 
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Codell  Sandstone 


There  was  no  recognizable  development  of  the  Codell  aandatone  in 
the  Arsenal  well. 

"J"  Sandstone 

The  120 -foot  interval  of  "J"  sandstone  in  the  Arsenal  well  between 
8t  485  and  8«  605  feet  consists  of  a  45-foot  section  of  quartzitic  sandstone 
containing  slight  oil  staining  and  some  fracturing  and  75  feet  of  intermixed, 
quartzitic  sandstone  and  dark  grey  shales. 

A  total  of  62  feet  of  "J"  sandstone  was  cut  in  two  cores  in  which 
the  recovery  was  100  percent. 

From  the  sandstones  recovered,  a  total  of  38  core  samples  were 
analyzed.  All  permeabilities  were  less  than  one  millidarcy.  Porosities 
ranging  from  11.2  percent  to  2.  1  percent  were  measured  with  the  arithmetic 
average  porositybeing  5,7  percent. 

Oil  saturations  were  noted  in  the  "J"  sandstone  core  samples  to 
a  depth  of  8.  525  feet.  Visual  examination  showed  this  to  be  spotty  saturation. 

A  drill  stem  test  was  taken  in  the  8,  482  to  8.  556  foot  interval  which 
includes  the  better  developed  sandstones  and  more  especially  the  interval 
which  showed  oil  staining.  The  tool  was  open  one  hour  and  recovered  only 
200  feet  of  slightly  gas-cut  mud. 

Qualitative  analysis  of  the  Sonic  log  shows  some  possible  fracturing 
in  the  "J"  sandstone  interval.  There  were  no  mud  losses  in  the  section 
during  the  drilling  and  coring  operations. 
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The  quAlity  of  the  "J"  aaiiditone  as  evidenced  by  the  core  and  log 
data  and  the  poor  recovery  in  the  drill  atem  teat  eliminatea  the  ''J"  sand* 
atone  aa  a  potential  injection  reservoir  in  this  well. 

Dakota -Lakota  Sandatonea 

The  Dakota-Lakota  sandstones  are  in  the  i53-foot  interval  between 
8i  633  and  8,  786  feet  in  the  Arsenal  well.  The  upper  sandstones  (Oadtota) 
are  characterised  as  being  of  fine  to  medium  grain  size  and  hard  to 
quartzitic.  The  Lakota  sandstones  are  fine  grained  and  quartzitic.  Both 
contain  some  ahaly  sandstone  and  a  20-foot  shale  section  separates  the 
two  units. 

Three  cores  were  taken  in  the  Dakota  sandstone.  Of  the  total  of 
52  feet  of  section  cuti  SO  feet  were  recovered.  This  represents  a  recovery 
of  96  percent. 

Thirty-one  samples  of  sandstone  from  the  cores  were  analyzed. 

With  two  exceptions  the  permeabilities  were  less  than  one  millidarcy. 

One  sample  showed  1.4  md.  and  one  sample,  described  as  fractured, 
showed  3.  5  millidarcies  permeability.  The  porosities  ranged  from  8.  5 
percent  to  1,  7  percent  with  the  arithmetic  average  being  4,  6  percent. 

^  One  drill  stem  test  was  taken  across  the  interval  from  8,  628  to 
8,  821  feet.  This  includes  the  Dakota  and  Lakota  sandstones  and  an  upper 
■haly  portion  of  the  Morrison  formation.  The  tool  was  open  one  hour  and 
only  400  feet  of  slightly  gas^cut  mud  was  recovered. 
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A  qualitative  interpretation  of  the  Sonic  log  ahowc  tonne  pottible 
fracturing,  but  thit  wat  not  verified  in  the  aectiont  cored.  There  were  no 
mud  loatee  noted  during  the  drilling  and  coring  of  the  interval. 

On  the  batit  of  the  data  obtained,  the  Dakota-Lakota  tandttonet 
are  not  conaidered  to  be  potential  injection  reaervoirt  in  thia  well, 

Morriaon  Formation 

During  the  drilling  of  the  186  foot  interval  of  the  Morriaon  formation 
penetrated  between  8,  786  and  8,  972  feet  none  of  the  strata  exhibited 
characteriatica  of  eufficient  quality  to  warrant  coring  or  drill  atem  testing. 

From  a  qualitative  analyaia  of  the  well  loga  and  other  well  data, 
none  of  the  zones  are  Indicated  to  have  significant  poroaity  or  indicationa 
or  permeability  to  be  of  intereat.  Thus,  the  Morriaon  formation ia  not 
believed  to  have  any  potential  aa  an  injection  reservoir. 

Lykins  Formation 

The  Lykina  formation  ia  610  feet  thick  and  was  encountered  in  the 
interval  between  8,  972  and  9,  582  feet.  The  sediments  are  red,  silty  shales 
with  the  exception  of  15  feet  of  fine  grained  quartzitic  sandstone  near  the 
top  of  the  formation  and  an  80  foot  section  of  anhydrite  and  red  shale  near 
the  base  of  the  formation. 

There  were  no  cores  or  drill  stem  tests  taken  in  this  interval. 

Some  possible  fracturing  in  the  15  foot  sandstone  interval  is  indicated  by 
the  Sonic  log.  This  sandstone  is  not  considered  to  be  of  sufficient  thickness 
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for  it  to  be  coneldered  as  a  potential  injection  reservoir.  The  only 
possibility  would  be  to  combine  this  unit  with  other  potential  reservoirs. 
Lyons  Formation 

The  Lyons  formation  was  oacountered  in  the  190 'loot  interval  between 
9t  SdZ  and  9«  772  feet  in  the  Arsenal  well.  It  consists  of  fine-grained  orange 
quartsitic  sandstone  with  thin  red  to  maroon  shales. 

A  total  of  95  feet  of  section  was  cut  in  8  cores  taken  in  the  Lyons 
formation.  From  this  interval  84  feet  were  recovered  which  represents 
an  88  percent  recovery. 

One  hundred  thirty-two  samples  of  sandstones  from  the  cores  were 
analysed.  With  one  exception  the  permeabilities  were  less  than  one 
millidarcy.  The  observed  porosities  ranged  from  7.  i  to  1.0  percent  with 
the  arithmetic  average  porosity  being  3.  1  percent. 

Extensive  fracturing  was  observed  throughout  the  cores  recovered 
in  the  Lyons  formation.  Some  of  the  fractures  are  closed  and  others  are 
described  as  hairline  fractures  of  several  inches  to  open  fractures  one 
to  two  feet  in  length. 

Due  to  the  anticipated  mechanical  difficulties  associated  with  the 
presence  of  fractures  and  the  occurrences  of  lost  circulation  and  the 
possibility  of  loose  sand  being  produced  during  testing,  no  attempts  were 
made  to  test  the  Lyona  formation  with  conventional  drill  stem  test  tools. 

As  an  alternative  means,  one  formation  test  was  attempted  utilizing  the 
Schlumberger  Formation  Interval  Tester.  This  test  was  unsuccessful 
due  to  plugging  uf  the  tool  with  lost  circulation  material  in  the  drilling  mud. 
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ln<Ucationt  of  fracturing  in  tome  of  the  drilled  Interval!  in  the 
formation  are  not>‘d  on  the  Sonic  log.  Theae  indication!  are  found  principally 
in  the  top  130  feet  of  the  formation* 

The  firat  loit  circulation  in  the  well  occurred  ahortly  after  drilling 
into  the  Lyona  formation.  A  total  of  eight  inttancea  of  mud  loatea  were 
noted  in  drilling  thia  formation.  Theae  ranged  in  aeverity  from  a  10-barrel 
loaa  to  a  SZO-barrel  loaa  per  occaalon. 

In  the  Lyona  formation  there  la  a  higher  denaity  of  favorable  indi- 
cationa  of  the  zone  having  the  qualifications  neceaaary  for  a  dlapoaal  reaervoir 
than  in  any  other  interval  penetrated.  However,  it  should  be  mentioned  that 
there  is  a  heavy  concentration  of  core  data  in  the  upper  140  feet  of  the 
formation.  In  some  of  the  subsequent  drilling,  coring  was  not  undertaken 
due  to  mechanical  and  economic  considerations.  Furthermore,  the  occur- 
nnees  of  lost  circulation  may  have  decreased  in  subsequent  drilling  as  a 
result  of  experience  gained  while  drilling  in  the  Lyons  formation. 

On  the  basis  of  the  various  characteristics  observed  it  can  be  stated 
that  the  Lyons  formation  contains  prospective  injection  reservoirs  and 
future  testing  of  this  Interval  is  definitely  warranted. 

Fountain  Formation 

A  total  interval  of  2,  108  feet  of  Fountain  formation  was  penetrated 
between  9,  772  and  1 1,  880  feet  in  the  Arsenal  well.  The  upper  1 10  feet  of 
the  formation  consists  of  fine  grained  feldspathic  sandstones,  siltstones. 
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and  maroon  abalat,  Below  this  interval  the  sedimenta  are  primarily 
arkosic  aandatonea  and  conglomerates  and  red  and  green  thales.  The 
cement  for  the  claatice  may  be  calcareous  materials  or  a  combination  of 
calcareous  and  clay  materials. 

A  total  of  408  feet  of  section  was  cut  in  11  cores  taken  in  the 
Fountain  Formation.  The  recovery  of  159.  5  feet  represents  83  percent. 

The  ZZQ  samples  analyzed  contained  17  samples  which  showed 
permeabilities  of  one  millidarcy  or  greater.  The  majority  of  these  higher 
permeabilities  are  found  in  the  interval  between  11,  263  and  11.  300  feet. 

The  porosities  measured  in  the  formation  ranged  from  7.  8  to  0.  8 
percent  with  the  arithmetic  average  being  1.  2  percent.  Of  interest  is  the 
fact  that  the  average  porosity  associated  with  the  37  samples  showing  per¬ 
meabilities  of  one  millidarcy  or  greater  is  4.  8  percent. 

The  cores  showed  a  high  degree  of  fracturing  to  a  depth  of  10,  400 
feet.  Below  this  depth  only  scattered  fracturing  was  observed  in  the  cores; 
however,  a  preliminary  interpretation  of  the  Sonic  log  shows  possibilities 
of  scattered  fracturing  in  intervals  throughout  the  formation. 

Eleven  attempts  were  made  to  drill  stem  test  portions  of  the  Fountain 
formation.  Three  tests  were  unsuccessful,  but  some  of  the  remaining  tests 
yie.ded  usable  pressure  data.  Fluid  recoveries  were  drilling  mud  or 
mud  contaminated  forn^tion  water  in  ail  but  one  instance.  In  test  No.  14 
which  covered  the  lower  portion  of  the  Fountain  formation  into  the  pre- 
Cambrian  rocks,  5,  400  feet  of  salt  water  was  recovered. 
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drilling  and  coring  in  the  Fountain  lormatioa.  The  greater  number  of  these 
mud  iosaes  occurred  in  the  intarvat  between  9,  960  and  id,  230  feet.  The 
lowermoet  mud  lose  took  place  at  11,080  and  wae  the  most  eeriout  in  the 
well  with  some  1,  3B0  barrels  being  lost. 

As  might  be  expected,  the  zone  where  mud  loae  frequencies  were 
high  and  the  zones  where  fractures  were  observed  coincide  in  part.  This 
general  interval  from  the  top  of  the  Fountain  at  9,  772  to  a  depth  of  10.  400 
feet  is  thus  considered  to  warrant  consideration  as  a  prospective  injection 
reaervoi  r. 

The  zone  of  higher  permeability  noted  in  the  core  analyses  from 
11,  265  to  11,  300  should  be  carefully  analyzed  and  any  other  zones  showing 
similar  log  characteristics  should  be  carefully  investigated.  Though  the 
average  permeability  is  only  1.7  miUidarcies,  the  nature  of  this  material 
can  be  prospective  of  an  injection  reservoir  if  sufficient  thickness  exists. 

Oue  to  the  widespread  indications  of  possible  fracturing,  the 
entire  Fountain  formation  warrants  analysis  for  injection  reservoir  prospects, 
but  these  two  zones  specifically  mentioned  should  be  given  special  attention. 
Pre-Fountain  Regolith 

The  pre -Fountain  Regolith  encountered  between  11,  800  feet  and 
11,  985  feet  In  the  Arsenal  well  is  not  believed  to  have  prospects  as  an 
injection  reservoir  due  to  the  predominantly  shaly  nature  of  the  sediments. 
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In  the  &&  foot  Interv^v)  of  Ordovician?  Cambrian?  aedimenta 
encountered  between  11«  39^  to  11,950  feet  there  Aa  One  IS-^foot  section  of 
conglomerate  and  one  10-foot  aectlon  of  dolomite. 

Aside  from  the  logs  there  are  no  other  interpretative  data  for  this 
interval.  A  qualitative  interpretation  of  the  logs  shows  sufficient  favorable 
indications  to  warrant  a  detailed  analysis  of  these  two  units. 

Pre-Cambrian 

The  pre-Cambrian  rocks  were  drilled  from  li,  950  feet  to  the  total 
depth  of  the  hole  at  12,  04  5  feet.  The  upper  20  feet  are  a  weathered  schist 
and  the  remainder  of  the  hole  drilled  in  a  fractured  granite  hornblende 
gneiss  containing  pegmatite  intrusions. 

One  core  in  the  pre-Cambrian  rocks  recovered  seven  feet  of  the  9 
feet  cut.  No  permeability  and  porosity  determinations  were  made  from  this 
core.  After  cutting  this  core,  lost  circulation  was  experienced. 

The  final  liner  was  set  to  11,  975  feet  leaving  the  pre-Cambrian 
interval  from  11,  975  to  12,  045  feet  open.  Preliminary  injection  testing 
showed  the  acne  to  be  capable  of  initially  accepting  desired  volumes  of 
fluid  within  the  pressure  limitations  imposed. 
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CURSORY  CONSIDERATIONS 
FOR  INJECTION  WELL  OPERATIONS 


The  final  phase  of  the  construction  of  the  disposal  well  was  the 
physical  completion  and  preliminary  injection  testing.  Indications  were 
that  the  open -hole  Interval  was  capable  of  accepting  400  to  800  gallons  of 
water  per  minute  with  a  corresponding  surface  pressure  less  than  2,000 
pslg,  The  duration  of  this  capability  has  not  yet  been  established. 
STIMULATION 

in  the  event  that  the  disposal  reservoir  currently  exposed  to  the 
wellbore  stops  accepting  commercial  quantities  of  waste  water  within  the 
stipulated  pressure  limitations,  two  possibilities  are  present.  First,  if 
the  storage  capacity  of  this  reservoir  has  been  reached,  another  reservoir 
must  be  exposed  by  recompletion.  Second,  if  the  reservoir  has  not  reach¬ 
ed  its  storage  capacity  but  has  a  flow  impediment  in  the  vicinity  of  the 
wellbore,  remedial  permeability  repairs  may  be  warranted.  Among  the 
possible  repair  methods  are: 

1.  Acidizing  -  This  approach  could  remove  the  impediment 
if  the  material  causing  the  restriction  is  acid  soluble. 

2.  Hydraulic  Fracturing  -  This  solution  would  create  new 
channels  of  permeability  and  prop  them  open  with  suit¬ 
able  propping  agents  introduced  in  the  fracture  creating 
fluid. 

3.  Surfactant  Treatments  -  This  mechanism  is  to  reduce 
surface  tension  values  and  thereby  change  wetting 
characteristics.  Relative  permeability  or  the  ability 
to  flow  through  a  porous  media  is  affected  by  the 
preferential  wetting  Characteristics  of  the  material. 
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*4.  Backw*»hlng  -  This  system  induces  the  well  to  f 

by  release  of  surface  back  pressure.  If  the  reservoir 
pressure  is  insufficient  to  cause  flow  to  the  surface, 
the  well  may  have  to  be  swabbed  or  pumped  to  clean 
the  sand  face. 

5.  Additional  methods  are  available  for  stimulation  treat* 
ments  but  arc  considerably  more  specialized  in  their 
applications . 

An  investigation  of  such  items  as  pressure  behavior,  fluid  compo  ¬ 
sition,  matrix  rock  characteristics,  nature  of  the  impediment,  etc.  ,  is 
required  to  recommend  the  type  and  method  of  stimulation  for  the  individual 
zone  or  zones  to  be  treated. 

FLUID  COMPATIBILITIKS 

The  large  volume  of  fluid  to  be  disposed  of  at  the  Rocky  Mountain 
Arsenal  prohibits  complete  chemical  treatment  due  to  economic  consider¬ 
ations.  The  displacement  of  any  undesirable  fluid  or  matrix  reaction  pre¬ 
cipitates  from  the  immediate  vicinity  of  the  wellbore  minimizes  derog¬ 
atory  effects.  For  this  reason  a  "buffer"  water  spearhead  is  injected  to 
keep  separated  the  natural  formation  connate  waters  and  the  injected  waste 
fluids.  This  separation  is  effected  until  the  connate  watere  have  been  dis¬ 
placed  some  100  feet  from  the  wellbore. 

RESERVOIR  EQUILIBRIUM 

In  addition  to  compatibility  considerations,  the  injected  water  should 
have  innate  stability  at  reservoir  conditions  of  temperature  and  pressure. 

In  addition,  the  water  must  be  relatively  innert  to  the  reservoir  matrix  rock. 
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CORROSION 


Two  corrosion  possibititios  exist  with  injection  or  producing  wells. 
First  there  is  the  possibility  oi  external  attack  and  second  the  possibility 
of  internal  attack. 

External 

The  action  of  ground  waters  and  other  sources  of  possible  external 
corrosion  should  be  minimized  at  the  disposal  well  because  of  the  complete 
isolation  of  the  casing  from  the  borehole  by  the  cement  sheath.  Because 
of  the  coat  involved  in  the  disposal  well,  reliance  on  this  sheath  alone 
would  not  be  good  operating  procedure.  Periodic  potentiometer  surveys 
and  possibly  cathodic  protection  would  be  warranted.  An  evaluation  of  the 
severity  of  the  problem  should  be  made  prior  to  the  initiation  of  remedial 
steps . 

Inte  rnal 

The  problem  of  internal  corrosion  should  also  be  checked  for 
severity  prior  to  the  initiation  of  extensive  remedial  steps.  As  a  general 
point  of  interest,  it  is  not  recommended  that  the  tubing  be  plastic  coated, 
mainly  because  removal  of  the  plastic  coating  by  decomposition,  erosion, 
abrasion  from  wireline  toots,  etc.,  could  r.'sult  in  the  deposition  of  plastic 
particles  on  the  rock  face.  In  addition,  if  a  complete  surface  covering  of 
plastic  is  not  affected,  there  will  be  points  of  corrosive  concentration 
which  may  lead  to  tubing  failure. 
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There  ehould  be  no  difficulty  in  inhibiting}  attack,  if  it  ehould  occur, 
by  the  use  of  appropriate  chemical  inhibitors.  An  inhibitor  should  be 
selected  which  will  not  decompose  into  a  viscous  material  that  could  plug 
the  rock  face. 

The  recommendations  regarding  corrosion  are  summarized  as 


follows: 

1.  The  injection  string  should  not  be  plastic  coated. 

Z.  Surface  equipment  should  be  inspected  at  regular 

intervals  to  determine  if  internal  attack  is  occurring. 
Consideration  should  be  given  to  a  test  length  of  pipe 
especially  installed  for  internal  corrosion  inspection 
purposes, 

3.  A  caliper  survey  should  be  run  in  the  injection  mbing 
so  that  the  extent  of  damage  may  be  determined. 
Results  of  this  survey  will  indicate  if  inhibitor  in¬ 
jection  should  be  commenced. 

4.  The  possible  use  cf  coupone  should  be  investigated. 
These  are  small  pieces  of  metal  placed  in  the  flow 
stream  which  may  be  removed  periodically  to  examine 
the  extent  of  corrosion. 

ivlIG RATION  OF  INJECTED  FLUIDS 


After  a  fluid  has  been  discharged  from  a  wellbore,  two  possibili¬ 
ties  exist  for  its  vertical  migration; 

1.  Around  the  mechanical  installation,  and 

2.  Within  the  reservoirs  themselves. 

Indications  from  the  cementation  operations  and  from  the  subse¬ 
quent  testing  are  that  the  mechanical  installation  at  the  Rocky  Mountain 
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Arsenal  is  sound.  Vertical  communication,  therefore,  if  it  were  present, 
would  probably  be  within  the  reservoirs.  This  possibilily  is  minimized 
because  of  the  massive  aiiale  bodies  overlying  the  injection  horizons  thus 
providing  natural  segregation. 

PLANT  OPERATION 

The  existing  surface  facilities  will  be  employed  In  the  reservoir 
evaluation  injection  tests.  The  pretient  installation  has  four  triplex  pumps 
capable  of  delivering  '>100  gallons  per  minute  at  2,000  pounds  surface  pres¬ 
sure.  Combinations  of  these  pumps  will  provide  variable  rates  and  con¬ 
sequently,  variable  pressures  conducive  to  reservoir  evaluation  techniques. 

In  subsequent  operation  of  the  disposal  well  plant,  three  parameters 
arc  of  extreme  importance  from  a  reservoir  analysis  standpoint.  They  are 
time,  volume,  and  pressure. 

Volume  reccrdlngc  will  give  directly  the  accunmUtive  capacity  of 
the  reservoir.  The  time  notation  will  permit  a  volume  per  unit  lime,  thus 
the  rate  of  injection.  The  rate -pressure  relationship  is  the  criteria  for 
reservoir  behavior  prognostication. 

A  careful  day-to-day  record  of  surface  pressures,  rates  of  in¬ 
jection,  cumulative  volumes  injected  and  other  pertinent  observations  by 
the  field  personnel  would  provide  a  firm  basis  for  reservoir  performance 
evaluation,  possible  stimulation  requirements  and  analytical  operating 
efficiencies . 
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cemented  with  2550  seeks  of  50-50  Pozmix  ,6%  Bentonite, 
0.4  %Retorder,  2  centrolizers 


8994  Bottomot  5  V  1 23  ib/ft,  extreme  line,  N  80  tubing  Stop  of  stinger 

8998'  Boker  Model,  D,,  No. 3665, 127-38  DCM,  Retainer  production 

“■rr".  pocker  3  10  long,  wire  line  set. 

yjll 

^Bottom  of  stinger. 


''-11  Hole 

11,007'  Boosh  Ross  8^8  ,  38-44*^x5'/z  ,  23  x  line,  standard  duty  ploi 
liner  hongcr,  with  swivel  5ub,senoi  No  S  5406 


11,171 


e%  ,44  Ib/ft,  N80,8AP|,  seomless  LTC  csg. HolliburtonSuper 
Seol  floot  shoe.  First  stoge  cemented  with  1030  socks  of 
140  Pozmix  A,0. 5  %  HR4  and  410  socks  of  Gilsonite 
140  Pozmix,  0  5  %  HR4  -  3  centralizers 


"‘*'--_6?4"  Hole 

-  n,975'  Sjrj'  23  Ib/ft  ,  N80,  extreme  line  csg.  Baker  floot  shoe  cemented 
*  with  250  socks  of  Pozmix  140  A  ,  0.5  %,HR4  ,  10  ceniroi'zerx 

TO.  12,045’-  6>4"  Open  hole 
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CASING  DETAILS 


Figure  II 
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20  CASING 
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1925' 

1907' 

2004' 

2020' 
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^ _ _ _ _ Is  5/6  "  CASING 

E'JTRALIJER  toe  GO(h  joint 
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8966' 
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11,133' 


p„,,  /ist  stage  collar 

^Hoil, burton  DV  Tool 

/centralizers 

[r.r.^T  7  jn  M’r, 


EVERY  do'  FOR 


HALMBURTON  hAFFlE  r.Oi  .  ar. 


1 1,138' 


hA  _...HU»ToN  "S  £'i  SEAL*  FLOAT  CC  LIAR 


HALllhLR''CN  '^(FR  seal’  FlCAI 


t  A  tCw-rtw*.  «.  A.iSt  A*€»,  NC 


I  I,  171' 


SHOF 


Fiyur*  12 


ROCKY  MOUNTAIN  ARSENAL 
PRESSURE  INJECTION  DISPOSAL  WELL 

Schematic  Diagram  oi  Typical  Three-Stage  Cemcrttlng  Operation 


FIRST  STAGE 


SECOND  stage 


A 500' 


7750'H 


1,400' 


I 


I 


diaplacement 

Ouid 


Third  Stage 
plug  teat 

Third  Stage 
cementing  porta 
(cloaed) 

Flrat  Stage 
top  plug 

Firat  Stage 
cement 


Third  Stage 
cementing  porta 
(cloaed) 
Second  Stage 
cloaing  plug 


Second  Stage 
cement,  With 

ClUonltf.' 


Second  Stage 
cementing  porta 
(cloaed) 

Flrat  Stage 
bottom  plug 


Float  Collar 


-  —  Float  Shoe 
Firat  Stage 


THIRD  STAGE 

1  I 


■T' 

■i' 

«' 
e 


Second  Stage 
cementing  porta 
(open) 

Second  Stage 
bomb 


OhL.'NC  fuU»0 


Third  Stage 
cloaing  plug 

Third  Stage 
cement 


Third  SUge 
cementing 
porta  (open) 
Third  Stage 
bomb 


Second  Stage 
cloaing  plug 


Second  Stage 
cementing 
porta 
(cloaed) 


Second  Stage 


Third  Stage 
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SPECIAL  SUBSURFACE  EQUIPMENT 


TYPE  LINER 
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MODEL  ”D" 
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STRATIGRAPHIC  SECTION 
ROCKY  MOUNTAIN  ARSENAL 
PRESSURE  INJECTION  DISPOSAL  WELL 
SECTION  26,  T2S  -  R67W 
ADAMS  COUNTY.  COLORADO 
elevation  kb  5,20J' 


DEPTH 


Below 

Sea  Level 

Kelly  Bushing 

Datuni 

Tertiary,  Tertlary-Cretaceous 

Surface  to  460 ' 

Cretaceous 

Laramie 

460' 

*  4.  743' 

Pox  Hills 

1, 250' 

*  3,953 

Pierre  Shale 

1,  480' 

»  3, 723 

Hygiene  Zone 

5. 448' 

-  245 

Niobrara 

7,  710' 

■2, 507 

Codelt  Sand 

Absent 

Carlile  Shale 

8, 078' 

-2, 875 

Greenhorn  Limestone 

8,  120' 

-2.917 

Crane  roe  Shale 

8,  345' 

-3, 142 

"J"  Sand 

8, 485' 

-3.  282 

"Dakota"  Sand 

8, 633' 

-3,  430 

"Lakota"  Sand 

8,  730' 

-3,  527 

Jurassic 

Morrison  Formation 

8. 786' 

-3, 583 

Triassic 

Lykins  Formation 

8. 972' 

-3,  769 

Permian 

Lyons  Formation 

9,  582' 

-4,  379 

Pennsylvanian 

Fountain  Formation 

9,  772' 

-4,  569 

Kegolith 

11,  880' 

-6,  677 

Cambrian?  Ordovician? 

11, 895' 

-6,692 

Pri'  -Cambrian 

11,  950' 

-6,  747 

TOTAL  DEPTH  12,045' 

-6, 842 

Tiblc  2  P^, 


Cor«  #1 

S' 

3  1/2' 

1' 

5  1/2' 

2< 

1  1/2' 

1  1/2' 

1/4' 

1/4* 

C  1/2' 

Core  §2 
35' 


CORE  DESCRIPTIONS 
ROCKY  MOUNTAIN  ARSENAL 
PRESSURE  INJECTION  DISPOSAL  WELL 
SECTION  26,  T2S  -  R67W 
ADAMS  COUNTY.  COLORADO 


("J"  S»iiditon«)  0502-8529  Cut  27'  Rec.  27’, 


Santj*toae.  very  ehaly,  dark  grey,  fine  greined.  Carboneceoue 
atreake  and  material  dieaeminated  throughout,  tight,  oil  odor, 
very  weak  nuoreacence  and  cut 


Sandstone,  fine,  grey  with  atreake  of  buff,  quartaitic,  vertically 
fractured,  etreake  of  oil  ataln,  faint  odor,  fluoreecence  and  cut. 

Shale,  black,  hard. 

Sandetone,  fine,  grey  with  atreake  of  buff,  quartzitic,  vertically 
fractured,  atreake  of  oil  etain,  faint  odor,  fluoreecence  and  cut. 

Sandetone,  fine,  light  grey,  quartzitic,  no  etain,  no  odor,  no 
fluoreecence. 


Shale,  black,  thin  bedded,  poker  chipe. 

Saiidetone,  fine,  medium  grey,  quartzitic,  no  stain,  no  odor, 
no  fluorescence. 


Sandstone,  fine,  dark  grey,  very  ehaly,  with  carbonaceous 
material  disseminated  throughout,  oil  odor,  scattered  stain, 
scattered  fluorescence,  and  weak  cut. 

Sandstone,  fine,  medium  grey,  quartzite,  no  stain,  no  odor, 
no  fluorescence. 

Sandstone,  fine,  dark  grey,  very  ehaly,  with  carbonaceous 
material  disseminated  throughout,  oil  odor,  scattered  stain, 
very  weak  fluorescence. 

("J"  Sandstone)  8531-8566  Cut  35'.  Rec.  35'. 

Reworked  sandstone  and  shale. 


\ 


•  _  —  ^ 

Table  I  Pg.  2 

i 

Core  #3  (Dakota -Lakota  Group)  8637-6670*  and  Rec.  34*. 

12*  Sandetone,  fine  grained,  grey,  (  zi  c,  nlightly  pyritic. 

with  shale  breaks  1/16"  thick  evei  io  6".  No  show  of 

hydrocarbon  v! 

V  Shale,  black. 

1 

r  Shale,  black,  interbedded  with  sand,  fine  grained.  Quartxitic, 

1/16”  to  1"  thick. 

1*  Shale,  black,  with  sandstone  pods. 

3*  Shale,  black,  interbedded  with  sandstone,  gcey,  quartzitic 

1/  16"  to  1"  thick. 

1 '  Shale,  black. 

2'  Shale,  black  with  sandstone  pod  incluaiont;. 

7*  Shale,  black,  fissle. 

Core  14  ( Dakota -Lakota  Group)  8673-6685'  Cored  12*  Rec.  10'. 

10*  Sandstone,  fine,  medium  grey,  quartzitic.  No  shows  of  hydro, 

carbon. 

Core  #5  (Dakota -Lakota  Group)  8666-8694’  Cut  and  Rec.  6*. 

1/2'  Shale,  black. 

2'  Sandstone,  fine  grained,  dark  grey  shale  cement.  Salt  and 

pepper  carbonaceous  material  disseminated  throughout,  ^ 

quartzitic. 

1/2'  Shale,  black.  < 

3'  Sandstone,  fine  grained,  dark  grey  shale  cement.  Salt  and  ! 

pepper  carbonaceous  material  disseminated  throughout,  ( 

quartzitic  and  pyritic.  , 


J 


li 


^  I 

I 

>.  V. 


Table  2  Pg.  3 


Core  #6  (Lyons  Sandstone)  9597-9607  No  recovery. 

Core  §7  (Lyons  Sandstone)  9609-9632  Cut  and  Rec.  23', 

23'  Sandstone,  fine  grained,  orange  to  light  red,  very  quartsitlc, 
highly  fractured,  no  shows. 

Core  #8  (Lyons  Ssmdatone)  9656-9665  Cut  9'  and  Rec,  9'. 

9'  Sandstone,  finegrained,  orange  to  dark  red,  Quartieitic,  rad 
g  shale  laminae  1/64"  or  lees  thick.  Separates  1/2"  -  1  1/2", 

sandstone  intervals  throughout  core.  Fractures  from  9665- 
9665  1/2,  9668-9669,  9670  1/2-9672. 

Core  #9  (Lyons  Sandstone)  9669-9674  Cut  5*,  Rec.  5'. 

5'  Sandstone,  finegrained,  orange,  quartEltlc,  one  hairline  fracture 
and  one  open  fracture  exhibited  along  face  of  the  core. 

Depth  correction  968)  s  9674 

Core  110  (Lyons  Sandstone)  9676-9678  Cut  2*,  Rec.  I  l/2‘, 

1  1/2'  Sandstone,  fine  grained,  orange,  quartiitic,  one  hairline  fracture 
and  one  open  fracture  exhibited  along  face  of  the  core. 

Core  #11  (Lyons  Sandstone)  9681-9698  Cut  17»,  Rec.  16  1/2 

16  1/2'  Sandstone,  fine  grained,  orange,  quartaitic,  red  shale  laminae 
1/64"  or  less  in  thickness  separating  sandstone  bedding  from 
1/2"  to  1  1/2"  thick.  Open  fracture  in  top  1  l/2‘.  Hairliue 
fractures  from  1/4"  to  1"  long  throughout  core, 

Core#12  (Lyons  Sandstone)  9698-9707  Cut  and  Rec.  9'. 

9'  Sandstone,  fine  grained,  very  silty,  quartaitic,  1/2"  red  shaie 

at  9699  3/4". 

Bedding:  Horiaontal  bedding  9698-9690  1/2 

10®  dip  in  bedding  9698  1/2-9707 


Fractures:  9698 

-  9699 

Closed  Fracture 

9699 

-  9701 

No  Fracture 

9701 

-  9701.5 

Open  Fracture 

9701.5 

-  9702.5 

No  Fracture 

9702. 5 

-  9703.5 

Closed  Fracture 

9703. 5 

-  9703.  75  Nc*  Fracture 

9703. 75 

-  9702 

Open  Fracture 
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Core  #13 
20* 


(Lyone  Sen«leton«)  9707-9727  Cut  and  Rec.  20'< 

Sandatone,  floe  graiiaed,  very  eilty,  quartsltlc,  abundant 
maioon  ehale  parting*  9717.8-9718.2',  Dark  maroon  shale 
very  aUty  9726.5-9726.6.  9721.2-9727  interval  of  core 
contains  ultra  silty  fin*  grained  sandstone,  quartaitlc. 


Bedding:  Horisontal  bedding 
10°  dip  in  bedding 
Horiaontal  bedding 

Fractures:  9708  -  9708.5 

9708.5  -  9710.2 
9710,2  -  9710.8 

9710.8  -  9711 

9711  -  9711,5 

9711.5  -  9712.5 

9712.5  -  9718.5 

9718.5  -  9719.5 

9719.5  -  9721.5 

9721.5  -  9721.7 

9723.9  -  9724.1 
9724.1  -  9724.5 

9724.5  -  9724.7 

9724.7  -  9725 
9725  -  9725.5 


9707  -  9718.1 

9718.  1  -  9722.5 

9722.5  -  9727 

Open  Fracture 
No  Fractures 
Open  Fracture 
Closed  Fracture 
2  Open  Fractures 
Closed  Fracture 
No  Fractures 
Closed  Fracture 
Open  Fracture 
Closed  Fracture 
Open  Fracture 
No  Fracture 

1  Open  and  1  Closed  Fracture 
No  Fracture 
Open  Fracture 


Core  #14  (FounUla  Formation)  9892-9935  Cut  43'  Rec.  35  1/2' 

2  1/2'  Slltstone,  red,  shaly,  quartzitic. 

1  1/2'  Shale,  maroon,  with  red  siltstone  laminae. 

10*  Siltstone,  red,  quartzitic. 

6*  Sandstone,  red,  fine  grain,  quartzitic. 

1/2*  Shale  maroon, 

3'  Slltstone,  red,  quartzitic. 

1*  Shale,  maroon,  silty. 

9  1/2'  Slltstone,  red,  quax'tzitic 

1  1/2'  Shale,  maroon  li  slltstone  bottom  3"  gray  dolomite. 

Open  U  closed  fractures  throughout  core,  fracture  surface  contain  microscopic 
calcite  fill,  9915  contained  2  calcite  inclusions  1/2  '  thick. 
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Coro  115  (FounUin)  10,  121-10,  158  Cut  37‘  h.*c,  36'. 

6'  Silttton*  grading  to  •aadotono,  iin*  grnlnad,  rad,  hard, 

qunrtsititi,  traca  of  faldapar. 

2'  SUtstona  grading  to  aandatona,  fina  grainad,  rad,  hard, 

quartiltlc,  trace  of  faldapar  with  faw  calcita  Lnclualono. 

1'  Siltitona  grading  to  •andatoaa,  fine  grainad,  rad,  hard, 

quartaitlc,  trace  of  faldapar  with  numerous  calcita  inclusions. 

3*  Siltstons  with  trace  fins  grainad  sandstone,  rad,  hard, 

quartsitic,  abundant  feldspar. 

1/2'  Siltitone  with  trace  fins  grained  sandstone,  red,  hard, 

quartsitic,  abundant  feldspar  and  faw  thin  laminae  of  black 
carbonaceous  material. 

11/2*  Sandstone,  finegrained,  red,  hard,  abundant  feldspar. 

3*  Sandstone,  fine  grained  with  siltstons,  red,  hard,  quartsitic, 

some  feldspar. 

3'  Sandstone,  fine  grained  with  siltstone,  red,  hard,  quartsitic, 

abundant  feldspar. 

8'  Sandstone,  fine  grainad  with  siltatoaa,  rad,  hard,  quartsitic, 

aome  feldspar,  aoma  calcita  on  fracture  planes, 

4*  Sandstone  fine  grsinsd,  rad,  hard,  quartsitic,  some  feldspar. 

4'  Sandstone  fins  grained,  rad,  hard,  quartsitic,  abundant  feldspar. 

Vertical  fracture  observed  in  the  following  intervale;  10,  127-10,  132;  10,  137- 

10, 138;  10.  140-10, 156. 

Bedding  is  ho risontsl  except  as  follows; 

10.1211/2-10.123  10  ^ 

10.  123  1/2-10.  124  10-15° 

10.133  1/2-10,  135  20  » 

Core  #16  (Fount&Ln)  10,  317-10,  321  Cut  4'  Rec.  2'. 

2'  Shsle.  maroon,  micaceous. 
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Core  #17 
I' 


3' 


S' 


1/2'. 

2  1/2' 


Core  116 

2.0' 

0.2* 

0.8' 

1.0' 

♦.O' 

1.0' 

2.0' 


(Fountein)  10.  388-10,  401  Rec.  12'.  r 

Seudatooe,  greenSah -white,  fine  grained.  Highly  calcareoue, 
hard,  somewhat  friable  whia  broket.  Irregular  bedding . 
Micaceous, 

Siltetone,  maroon,  micaceous  with  shale  laminae.  Slightly  to 
moderately  calcareous  with  highly  calcareous  greenish-white, 
line  grained  sandstone  inclusions  1/4  to  1/2”  diameter.  Flat 
bedded,  hard. 

Sandstone,  pink,  fine  grained,  arkosic,  moderately  to  slightly 
calcareous,  hard.  Contains  coarse  quarts  and  feldspar  grains 
randomly  scattered  and  quarts  and  faldapar  pebbles  near  the 
base.  Fractured  vertically  to  near  vartically.  94.  3  to  95.  7 
interval  contains  eight  thin  (average  1/8”  thick),  irregular, 
greenieh -white  fine  grained  sandstone  bads,  highly  calcareous. 

1/2'  shale  bed,  maroon,  noncalcareoue,  dipping  at  30  degrees, 
hard. 

Sandstone,  pink,  fine  grained,  arkosic,  moderately  to  slightly 
calcareous,  hard.  Fractured  vertically  to  near  vertically. 

Note:  Sandstones  contain  much  kaolinite  cement. 

Fracturee;  10,  391.5  -  10.  392.0 
10,  392.2  -  10,397.5 
10,398.0  -  10,400.0 

(Fountain)  10.594-10,644  Cut  SO'  Rec.  51'. 

Siltstone.  very  shaly  with  streaks  of  arkosa,  medium,  pink, 
calcareoue. 

Arkoae,  white,  fine,  very  calcareous. 

Arkose,  pink,  very  fine  grading  to  sUtsona,  vary  shaly,  with  fine 
white  sandstone  inclusions,  calcareous. 

Arkose,  fine  to  medium,  very  shaly,  dark  red,  15^  dips, 
calcareous. 

Shale  grading  to  siltstone,  dark  red,  very  calcareous. 

Shale  and  siltstone  as  next  above,  noncalcareoua  with  1”  streak 
of  green  white  medium  arkose,  noncalcareous. 

Arkose,  medium,  angular,  very  shaly,  very  calcareous,  dark 
red,  with  white  medium  gray  arkose  inclusions,  very  calcareous. 
Inclusions  cat  across  bedding  planes  and  they  are  2''-5”  thick. 
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Cora  I IB 

{Contiimad) 

1,0*  ArkwSe,  rad  and  arhiia,  a«  najtt  abova  with  3/4"  thick  bad  of 

whlta. 

3.0'  Aa  next  above.  Arkoaa  predominantly  rad  with  white  tactnaiene 

In  canter  portion  of  interval  from  2">4"  thick.  Upper  portion 
kaa  minute  calcareooa  (white)  Ineluaio&a. 

3.0*  Arkoaa^  medium,  very  ahaly,  calcareoua,  dark  rad. 

1.0'  Arkoaa.  madium,  red,  vary  ahaly  with  1/2-2"  atreaka  of  white 

arkoaa,  madium,  very  calcareoua. 

1.0'  Shale,  dark  red,  with  atreaka  of  white  medium  arkoaa,  vary 

calcareoua. 

6.0*  Siltatone  vary  ahaly,  calcareoua,  dark  rod. 

4.0'  Arkoaa  fine  to  medium,  vary  ahaly  and  ailty,  dark  rad,  very 

calcareoua. 

0,5'  Arkoaa,  medium,  white,  vary  calcareoua,  dark  red. 

0.5'  Shale  and  a ilta tone,  dark  rad,  calcareoua. 

0.5'  Shala  and  ailtatona,  aa  next  abova  with  Irragular  inclualona  of 

gray  aandy  limaaioaa,  danaa. 

1.0'  Siltatone  and  abala,  dark  rad,  very  calcareoua. 

0.5'  Limaatona,  gray,  danaa. 

7.0'  Shala,  maroon,  hard,  calcareoua. 

0.5'  Shale,  aa  abova,  with  aandatona,  dark  gray  fine  inclualona, 

noncalcaraoua, 

3.5*  Shale,  maroon,  noncalcaraoua,  bard. 

1.0'  Shale,  dark  red,  calcareous  and  gray  denae  limeetone  mixed. 

2.0'  Siltatone  and  ahala,  dark  red,  hard,  calcareoua. 

O.r  *  Arkoae,  very  coarae,  angular,  very  ahaly,  dark  red. 

}  . '>'  Siltatone  and  ahala,  micaceoua,  dark  red  to  maroon  with  float¬ 

ing  mica  and  quarts  g  raina. 

2.0'  Arkoae,  coarae,  calcareous,  angular,  with  etraaka  of  ailtatona, 

calcareoua. 


E  A  »»Ot-UM|Ut  jn  AHU  AfltOClATIt  INC 


w 


1 


Tablr  I  Pg.  t) 


Core  #19 
6.0' 

.S' 

I.  V 

\,y 

1.2' 

7.0' 


4.0 

3.5 

2.5 

1.5 
.5 

1.0 

1.5 

2.0 

2.0 

1.5 

2.0 

1.0 

1.2 

1.0 


(FounUln)  10.  796-10,  846  Cut  50'  R«c.  48*. 

Sluila,  rad,  maroon,  micaceoua,  calcarngus. 

Atkoae,  madium  grainad,  vary  tnicaceoua  (blotite)  alightly 
catcareoua,  graeniah  grey. 

Arkoaa  aa  abova  with  ahale  atreaka,  maroon,  micacaoua. 

Arkotie  conglomerate  with  quartz  and  ialdapar  pabbiea.  Matrix 
pink.  Pebblaa  pink,  maroon,  black,  very  ahaly. 

Shale,  red,  aoft. 

Arkoaa,  medium  grained,  much  blotite  mica,  kaolinita  cement. 
Two  maroon  ahale  partinga  2"-4"  at  10,809.6  and  10,611,8, 
whitiah  pink,  alightly  calcareoua.  Streaka  very  coaraa  grained 
to  conglomeritlc.  Dip  15*^  croaa  bedded. 

Maroon  ahale,  micaceoua  Interbedded  with  pinkiah  white  arkoae, 
coarae  grained,  minute  atreaka  green  ahale.  Slightly  calcareoua. 

Maroon  ahale,  micaceoua,  atreaka  green  ahale  and  arkoae, 
coarae  grained,  pinkiah  white. 

Arkoae,  coarae  grained,  blotite  mica,  atreaka  ahale,  maroon. 
(Arkoae  greeniah  white). 

Shale,  maroon,  micaceoua, 

Arkoae,  medium  to  coarae  grained,  abundant  blotite  mica,  green¬ 
iah  white.  Streaka  maroon  ahale. 

Shale,  maroon,  micaceoua. 

Arkoae,  coarae  grained,  muacovite  and  blotite  mica,  kaollnite 
cement,  maroon  and  green  ahale  cement. 

Arkoaic  conglomerate,  green  ahale  and  kaollnite  cement, 
atreaka  maroon  ahale. 

Arkoaic  conglometate  aa  above  with  much  maroon  ahale, 

Arkoae  very  conrae  grained,  greeniah  white.  Much  kaollnite 
and  green  ahale  cement.  O-IS*^  dip. 

Arkoae  aa  above,  many  laminae  maroon  ahale. 

Shale,  maroon,  micaceoua,  atreaka  arkoae  aa  above, 

Arkoae,  coarae  grained,  greeniah  white,  kaollnite  cement, 

15°  dip. 

Shale,  maroon,  with  reddiah  brown  limeetone  indue iona. 


Cor«  #19 
(Continued) 

.  7’  Arkoect  very  fine  to  very  coarse  grained,  greeninh  white 

kaolinite  cement.  Maroon  and  green  shale  laminae,  in¬ 
clusions  brownish  red  limeatona, 

1,5*  Shale,  maroon,  very  calcareous.  Inclusions  reddish  brown, 

dense  limestone. 

1,0*  Shale,  red,  reddish  brown  limestone  inclusions. 

Fractures  -  Closed;  10,  802.5  -  10,803.5 

10,  804.  5  -  10,  805.0 
10,  807,0  -  10,  812.  0 
10,  823.5  .  10,  824.0 
10,  834.0  -  10,  836.0 
10.  838.0  -  10,  839.0 
10,839.5  .  10,  840.0 


Core  120 
3.5* 

.5* 

1.0* 

6.5* 

1.5* 

2.0* 

2.5* 

2.0* 

4.0* 

1.5* 

9.0* 


(Fountain)  11,044-11,080  Cut  36*  Rec.  34*. 

Shale,  red.  with  reddish  brown  limestone  inclusions. 
Limestone,  gray,  dense. 

Shale,  red,  with  reddish  brown  limestone. 

Shale,  red,  soft. 

Arkose,  coarse,  pinkish  red,  hard  and  tight,  fractured. 
Shale,  red,  with  reddish  brown  limestone  inclusions. 
Shale,  red,  soft. 

Shale,  dark  red,  silty. 

Arkose,  pinkish  white,  coarse  grained,  kaolinite  cement. 
Shale,  meroon. 

Shale,  red,  soft. 


Open  Fractures  11,056-57 
Close  Fractures  11,065-66 
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Core  #21  {Fountain)  1 1.  129-11,  178  Cut  49'  Rec.  48'. 

,5  Shale,  dark  red -purple,  eoft  noncalcareoua, 

6,  ?  Arhoss,  medium  to  very  coerae,  angular,  light  maroon,  contain¬ 

ing  muBCOvite  and  blotite  mica,  with  pebblea  of  quarts  1/2  "  in 
diameter.  Very  thaly  with  maroon  ahale,  noncalcareoua. 

2.0  Arkoaa  aa  next  above  interbadded  with  maroon  abate,  non-  , 

calcareoua. 

4.6  Arkoee  aa  deaciibed  above,  noncalcareoua. 

,2  Shale,  dark  red. 

5.0  Arkoae,  medium  to  very  coarae,  angular,  light  greaniah  whlta, 

containing  muacovite  and  biotlte  mica.  20%  kaolinite  cement 
and  muacovite,  light  green  ahale  cement.  Many  atreake  of 
chlorite, 

3.5  Shale,  dark  red,  aoft, 

2,0  Arkoae,  aa  deacribed  next  above. 

.5  Arkose^aa  deacribed  next  above  Interbedded  with  red  ahale. 

7.0  Shale,  red,  aoft. 

2,0  Shale,  red,  ailty,  micaceoua. 

4.0  Arkoaa,  fina  to  very  coarae,  angular  with  pebblea  of  quarts  1/4" 

in  diameter,  very  ehaly,  with  green  ahale  cement.  Bottom  foot 
alightly  calcareoua, 

1.0  Shale,  dark  red,  aoft. 

3.5  Shale,  dark  red,  ailty. 

1.5  Arkoae,  fine,  green-gray,  very  ahaly  containing  biotite  mica. 

2.2  Arkoae,  as  next  above,  interbedded  with  red  ahale.  ^ 

1.3  Shale,  red.  ‘ 

.3  Arkoae,  aa  next  above,  hard  and  tight.  ! 

I 

1.2  Shale,  red.  ' 

Cloaed  Fracturea;  11,139  -  11,139.5  i 

11.  147  -  U.  148.0  I 

11.  152  -  11,  153.0  , 

U,  165  -  11,  166.0  i 


TSiblr  2  PfZ.  II 

Cor*  #22  (FouAtftio)  11.  262.11.  326  Cut  64*  R«c.  40*. 

0,  5  Sh*l«,  rod. 

2.0  Arkoi*.  CoAraa.  ally*  gr««n.  uoticalcsreous, 

S.  5  Arkoia,  v«ry  coara*  to  coaglomaritic.  maroon,  vory  ahaly 

with  pabblaa  of  quarta,  cloar  to  milky,  and  orthociaa*  faldapar. 

2.0  Arkoaa,  conglomarata,  pink,  primarily  angular  claar  quartz  and 

orthociaa*  fildapar. 

1.  0  Shad*  and  arkoaa  aa  naxt  abova  intarbaddad. 

2,0  Arkoaa,  conglomarata,  pink,  primarily  angular  claar  quarts  and 

orthociaa*  faldapar. 

1.  5  Shala  and  arkoaa  aa  naxt  abova  intarbaddad. 

6.0  Arkoaa,  vary  coaraa,  maroon,  angular,  vary  ahaly, 

2,  S  Arkoaa,  conglomarata,  pink,  primarily  angular  claar  quarts  and 

ortboclaaa  faldapar  with  0.  3'  of  maroon  ahala  r  from  baaa. 

2,  5  Shala,  maroon. 

2.  6  Arkoaa.  vary  coaraa,  pink,  primarily  angular  claar  quartz  and 

orthociaa*  faldapar. 

2.0  Arkoaa,  maroon,  coaraa  to  vary  coaraa,  vary  ahaly,  angular. 

0.5  Shala,  rad  plaatic, 

1.  5  Arkoaa,  coaraa,  nnaroon,  vary  ahaly,  with  pabblaa  of  quartz, 

claar  to  milky,  and  orthociaa*  faldapar. 

1.0  Arkoaa,  vary  coaraa,  pink  to  graen,  predominantly  angular, 

claar  quarta  and  orthociaa*  faldapar. 

3.0  Shala,  maroon,  micacaoua. 

2.0  Arkoaa,  coaraa,  maroon,  vary  ahaly,  with  pebblaa  of  quarta, 

claar  to  milky,  and  orthociaa*  faldapar 

1.0  Arkoaa,  coaraa,  maroon,  vary  ahaly. 

1.0  Arkoaa,  coaraa,  maroon,  vary  ahaly  with  pabblaa  of  quartz. 
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Cor*  #23  (FounUin)  i  1.  364>ii,  394  Cut  JO'  Rac.  26*. 

2.0  Arko*«,  whit*,  co»ra*,  pradomliuntly  cl*«r  quarts,  orthocl*** 

^•IsapaF,  mutcovit*  mica,  aagular,  whit*  clay  c*nrt*at. 

3,0  Arkos*,  maroon,  coar**,  with  scattsrad  p«bble»  of  clsar  quarts, 

vary  ahaly. 

2.  P  Arkot*.  whit*,  coarc*  to  con|iotn*rittc,  claar  quarts  and  ortho- 

cisa*  faldcpsr,  whit*  clay  comaat,  aagular, 

1.  5  Shala,  maroon,  micscaou*. 

1.0  Arkos*,  m«dium.  abundant  biotit*  mica,  whitish  groy  int«rb*dd*d 

with  maroon  shai*. 

3,0  Arkos*,  v*ry  coarc*  to  cosr*«,  whitish  pink.  Claar  quarts,  ortho* 

das*  faldspar  and  muscovit*  and  biotit*  mica,  whit*  clay  camant, 
angular, 

1.  5  Shala,  maroon,  micac«ou*, 

11,  5  Arkos*,  coarc*,  maroon,  with  pabblas  of  quarts  and  orthoclaa* 

foldcpar,  muscovit*  and  biotit*  mica,  angular,  v*ry  shaly. 

.  5  Shala,  maroon,  vary  micacsous. 

Fracturas:  11,367-11.368 

11,  369-11.  370 

Cora  fZ4  (Feuntainl  1  1,447-11.476  Cut  26'  Rec.  23*. 

2.5  Shala,  maroon. 

4.  5  Arkoaa,  madium  to  coars*.  whit*  grading  to  maroon,  Claan  to 

vary  ahaly. 

2.  0  Shala,  maroon. 

10.5  Arkoaa,  coars*  to  conglomaritic,  graanish  whit*  to  pink, 

1.5  Shal*,  maroon. 


Fracture*  11,453-  11,  454 


Core  tZb  (Founetln)  1 1,  543- 1 1,  %4S  Cut  2',  Rec.  2'.  (Bowen  junk  b*eket) 

,  3  Arkoee,  (.oaree,  white,  with  pebblei  of  quart!  and  fetdapar, 

fractured, 

1,7  Shale,  maroon,  alickeniidea . 

Core  #26  (Fountain)  11,827-11.329  Cut  2*.  Rec,  2*.  (Bowen  junk  baeket) 
LO  Arkoac,  coarae,  maroOn,  very  thaly,  fractured. 

1.0  Shale,  maroon. 

Core  #27  ( Regollth)  Cor rected  from  11, 872 -i  1,  695  (drlller'a  depth)  to 
11,882-11,895  (C-log  depth)  Cut  and  recovered  13'. 

2,0  Shale,  maroon. 

3.5  Shale,  purple -maroon,  weathered,  bottom  loot  very  leached, 

2.5  Shale,  maroon,  lilty,  weathered. 

1.0  Shale,  very  hard,  ellty,  maroon,  with  white  leached  irregular 

areae. 

2.0  Shale,  dark  brownish  red.  soft. 

2.0  Quartzite,  reddish  brown,  with  whitish  green  leached  areas, 

fractured. 

Core  #28  Pre-Cambrian  11,976-1  1,985  Cut  9',  Rec.  6.7'. 

6.0  Biotlte,  hornblende,  granite  gneisa,  fractured. 

.7  Biotite,  hornblende,  granite  gneiss  and  pegmatite. 


Table  3 


RIG  DESCRIPTION 


Company 

Lcffland  Brothers 

Rig  No 

7 

Drawworks:  Make  Ideco 

Model 

PR 

1050 

Compound;  Make  National 

Model 

3  Engine  No,  Chains 

Rotary  Table; 

Type  of  E'rive 

Drawworks 

Compound  En^tinea:  No.  3 

Make 

Caterpillar  Model 

D-397 

Continuous  HP  Rating 

1350 

Oper.  Speed  at  Cont.  HP 

1150  RPM 

Pump  Engines: 

No.  Compounded 

Make 

Model 

Continuous  HP  Rating 

Oper.  Speed  at  Cont.  HP 

Mud  Pump:  (1) 

Make  Emsco 

Type 

D-700 

Input  HP 

700 

(2) 

Make  Emsco 

Type 

D-500 

Input  HP 

500 

Derrick:  Make 

L.  C.  Moore 

HT 

142* 

Rated  L>oad  900.  000 

Kelly:  OD 

4  1/4" 

ID  2 

1/2" 

Length 

40' 

Swiyel:  Make 

National 

Type 

R-3 

ID 

2  3/4" 

Hose:  OD 

ID 

3" 

Lengtli 

55' 

Standpipe:  OD 

4  1/2" 

ID 

3  3/4" 

Length 

50' 

Drill  Pipe:  OD 

4  1/2"  ID  3  3/4" 

Grade  E 

Weight 

16.60 

Tool  ■  ts :  Size 

Type. 

XH 

ID 

Drill  Collars: 

OD  8"  -  7" 

ID 

3"/ 

2  3/4" 

Desander:  Make  San  Angelo 

No,  Cones 

3  Power 

Wak  135  GKU 

Couplings:  Make 

Type 

Size 

Location 

Torque  Convertors:  Make 

Type 

Size 

Location 

Operating  Conditions: 


Rotary  Table  Speed: 

Ist  Gear 

30  2nd  Gear 

50  3rd  Gear  65 

Engine  Idle:  Vacuum 

4th  Gear 

80  5th  Gear 

Speed 

125 

400  RPM 

Full  Load  Conditions: 

Engine  Speed 

1150 

rpm  Vv...uum 

or  Stack  Temp.  900 

Liner  Size 

Pressure 

Pump  Speed 

Mud  W eight 

Rotary  Speed 

Depth 

V  V 


JH  AND  /S-Cf  A  T  I  b  1*^ 


ROCKY  MOUNTAIN  ARSENAL 
PRESSURE  INJECTION  DISPOSAL  WELL 
HOLE  DEVIATION 


Deviation 

Depth 

Deviation 

Depth 

3/4° 

185' 

1 

1/2° 

7.930' 

0 

o 

246' 

1 

0 

8, 150' 

1 

1/2° 

380' 

1 

0 

6,480' 

1/2° 

500' 

1/40 

8,670' 

1/2° 

660' 

1/2° 

8,  750' 

3/40 

820- 

1/4° 

8,925' 

3/40 

967' 

1/2° 

9,030' 

3/40 

1,  300' 

3/40 

9.  340' 

1/2° 

1,  480' 

1 

1/40 

9,  470' 

1/40 

1,  756' 

3/40 

9,675' 

1/40 

2,  000' 

3/40 

10,010' 

0 

0 

2,  205' 

1 

3/40 

10, 150' 

1/2° 

2,  629' 

2 

1/40 

10,  200' 

1/4° 

3,  100' 

2 

1/2° 

10, 330' 

1 

0 

3.  590' 

3 

3/4° 

10, 649' 

1 

1/2° 

3,  720' 

4 

3/40 

1 1,  030' 

1 

0 

4, 000' 

6 

0 

11, 170' 

1 

1/4° 

4,  380' 

6 

0 

1  1,  340' 

1 

0 

5,  255' 

5 

0 

1  1,  530' 

1 

0 

5.  470' 

7 

0 

11,  600' 

1 

0 

5,  890' 

5 

0 

11,675' 

3/4° 

6,  400' 

5 

0 

11,720' 

1 

0 

6, 690' 

5 

0 

11, 790' 

2 

1/2° 

7,  000' 

5 

1/2° 

11,835' 

3 

0 

1,  100' 

3 

1/40 

7,  211' 

3 

1/40 

7. 340' 

(Taken  from  Loffland  Brothers  daily  drillinj^  report.) 
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TOFAI.  COST 


ROCKY  MOUNTAIN  ARSENAL 
PRESSURE  INJECTION  DISPOSAL  WELL 
SUMMARY  OF  COKES 


Table  7 


Depths 

Formation 

Core  Driller's 

Adjusted  tn 

Feet 

Unit 

Feet 

Unit 

or  Member 

No, 

Depths 

Electric  Log 

Cut 

Total 

Rec . 

T  olal 

"J"  Sandstone 

1 

8,492-  8,519 

8.  502-  8,  529 

27 

27 

2 

8,  521  -  8.  556 

8.  531-  8,  566 

35 

62 

35 

62 

Dakota  Sandstone  3 

8,623-  8,657 

8,  636-  8,  670 

34 

34 

4 

8,660-  8,672 

8.673-  8,685 

12 

10 

5 

8,675-  8,681 

8,688-  8.694 

6 

52 

6 

50 

Lyons 

6 

9.604-  9.614 

9.  597-  9.607 

10 

0 

7 

9,616-  9,639 

9.  609-  9.632 

23 

23 

8 

9.656-  9.665 

9,656-  9.665 

9 

9 

9 

9.669-  9.674 

9,669-  9.674 

5 

5 

10 

9.676-  9.678 

9.676-  9.678 

2 

1.5 

11 

9.6&1-  9,698 

9,661-  9,698 

17 

16.  5 

12 

9.698-  9. 707 

9.698-  9.707 

9 

9 

13 

9. 707-  9. 727 

9,  707-  9, 727 

20 

95 

20 

84 

Fountain 

14 

9,892-  9.935 

9.892-  9.935 

43 

35.5 

15 

10,  121-10,  158 

JO.  121-10, 158 

37 

36 

16 

10, 317-10, 321 

10,  317-10, 321 

4 

2 

17 

10. 388-10, 401 

10,  388-10,401 

13 

12 

18 

10, 594-10,644 

10,  694-10,644 

50 

51 

19 

10. 796-10,846 

10, 796-10,846 

50 

48 

2U 

11,044-11.080 

1  1.  044-11, 080 

36 

34 

21 

11,  129-11.  178 

11.  129-11,  178 

49 

48 

22 

11,262-11,326 

1  1,262-1  1,326 

64 

40 

23 

1  1,  364-  1  1, 394 

1  1,  364-1  1,  391 

30 

26 

24 

11,447-11,475 

1  1.447-1  1,475 

28* 

23  * 

25 

11,  543-11.545 

1  1.  543-1  1, 545 

2 

2 

26 

11,827-  11.829 

11,827-11,829 

2 

408 

2 

359.  5 

Regolith 

27 

11,872-1  1.885 

11,882-11.895 

13 

13 

13 

13 

Pre  -Cambrian 

28 

11,976-1  1.985 

11,976-11.985 

9 

9 

6.  7 

6.  7 

TOTALS 

639 

575,2 

*  Inclades  2  feet  cut  with  Bowen  junk  bat  ket  below  26-foot  interval  cut  with 
conventional  diamond  core. 
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^OLUHlJsS  JN  A%0  **^S3C.*TtS  INC 


DRILLS! EM  TEST  REPORT 


Date;  An  it  .  )■.■ _ 

D*aie;  u  M.-mnt.-' m  A  .-  on.?! 

Tett  Interval: 

Total  Depth;  ;  _ 

Tiiiting  Company:  ii  .|li;.ii  -t  'n 


nST.  No.;  _ 

Wall  No.  : 

Eormation;  _ 

Well  Elevation; 


Witneae; 


'ZiZ. 


Teat  Data 


Tool  Open  For  Liitial  Flow  |  sT,',  m _  Top  Choke:  _ 3/  o'' _ 

Tool  Cloaed  For  Initial  Shut  In  (a  i  A  M  Bottom  Choke:  1  / .1  ' _ 

Tool  Opened  For  Final  Flow  fe  .  i :  30  A.  M.  Packera  Set  _ 

Tool  Cloaed  For  Final  Shut  In  (U,  1  30  P  M.  -2:50  P,  M. 

Cushion:  _ n  in. _  Feet  ol  _ 

Hydrostatic  Preseure  ol'  Cuahion  _ pa  i/foot  x  Feet  a  . _ pa  i 


Initial  Hydrostatic  Pressure: 

■i-1  LlZ 

I  .i  _j  j 

Time 

initial  Flow  Pressure; 

2>J2 

2.2 

1  ■? 

i  .  3  .LjI 

Initial  Shut  In  Pressure; 

il 

:;7 

l.xill- 

Final  Flow  Pressure: 

ih? 

:  7! 

Final  Shut  In  Pressure: 

2')2 

27[J 

.  ^  »  tiO  n.in. 

Pressure  Bomb  Number: 

ai.z 

.7  i7.. 

Depth  of  Bomb: 

Bottom  Hole  Temperature; 

N.iL  •/.■■on, _ .  I. 

Gas  to  Surface  in  N.nu: 

minutes  @ 

Mcf/Day; 

in 

minutes 

Mcf/Day;  in 

ntinute  ^ 

Mc£/  Day. 

Recovery:  -t, 

’  y  cut  urillini'  n 

m-.-j _ _ _ 

Remarks; 


lii  'V-'  tn  ;j-o  . m;  t  ■ _ 

-n-  t  -  .t. _ _ 

;  ii.ut-  of  Cn  .l  uhiu  .n. _ 


:,1 


‘  iur '  t  ■ . 


I  jII  •  V  Hr 


Dais: 


.1 

■  ■  r  “ 


LAST  MUD  I  LEFORL  TESJ 


lesi  No, 


[drilling  Mud: 

Plintic  Viicoiity: 
Yield  Paint  I 


Initial  Gfl  Strength: 

10  Minute  Gal  Strength; 

Weight:  _ V.  S 

Fluid  Lo««;  ' ,  j 

pH;  _ K  0 


Mud  Resietivity:  n,  _ 

Mud  Filtrate  Resistivity:  q 

Chromatograph  Readings: 


1 


>  Ni 


C, 


Recovered  Fluid 


Lhl.jrides  jCl'): 

Sodiuin  Chloride  (iNacl): 
Calc  turn  ( Ca); 

Sulfate  (SO^): 


jl  .a 

iic 


S-1 


1,4 


0.  SM 


F 

’f 


Not  Recorded 


Sample  No. ; 

Plastic  Viscosity: 

Yield  Point: 

Initial  Gel; 

10  Minute  Gc-l: 

Weight: 

pH. 

Resistivity: 

Temperature  of  .Sample; 
Chloride  (Cl"): 

Sodium  Chloride  (N.icl)  • 
Caiokmr  (Ga).:  Rinf; 

Sulfate  {SO_^): 

Chrom.itog rnph  Readings: 


1 


JO  4 


a.  ^ 


S.  J 


.Ojd _ SL 


7.  500 


C. 


C  4- 


M 


A  t 


1 

I 

I 


k\ 


.1  1.)  Pi 


DRILLiTL'M  TEST  REPORT 


D»56:  z-j.  p;.. 

DST.  No.:  v 

L*a«e:  p.,..  .  ..  :n  .u  a 

Well  No.  :  ....  .  i  v/  it  N 

Te it  Interval:  .m 

Formation:  d.>  ;  ;t,-.  L.--  ti 

>  • . 

Total  ^ 

Well  Elevation; 

T««ting  Company;  „ 

Witneea:  t  ■  -r 

Tcit  Data 

Tool  Op«n  For  Initial  Flow  ^ 

Top  Choke: 

Tool  Clo»«d  For  Initial  Shut  In 

Bottom  Choke:  > 

Tool  Op«n«d  For  Final  Flow  ^  k: 

Packera  Set  & 

1.  y  : 

Tool  Cloiod  For  Final  Shut  In 

Cuihion;  Noiu'  Feet  o/ 

Hydroetatlc  Preieure  ol  Cuehlon  pei/foot  x  Feet  « 

p»i 

Initial  Hydroetatlc  Preaeure: 

:  J'.'O  :  :;7 

Time 

Initial  Flow  Preaeure; 

'.VO  ^7v! 

•j  i.-in. 

Initial  Shut  In  Preaeure;  1  ^7 

■  ‘.(1)  :  'j  .  1) 

,P.,  1.  ;:i 

Final  Flow  Preaeure: 

’■n)  T7> 

tui  tl.tu. 

Final  Shut  In  Preaeure:  m  • 

i  rPi  1  .7.7 

.  t  la 

Preaeure  Bomb  Number:  ■;  »  > 

;/  .  ;7.  :/  V. 

Depth  of  Bomb: 

•  •0  •  .  >  ■'  7 

Bottom  Hole  Temperature;  |i.' 

Gaa  to  Surface  in  ;<  .  minutea  (S 

Aicf/Day;  in 

minute  1 

^  Mcf/Day;  in  .  minute  @ 

Mcf/Day. 

Recovery:  _  ,  U.;;utv  .  P.  . 

Re  mark  a:  _  _T.aui  upcii.-'u.  ‘..'.t  :  •  .. 

,  in.-  •  ..  iij'  L  ' .  1  > . 

,/  .11 

■■.i.-in...-..!--:,  — i:i.,  .im:  t  ■  . 

.  1  l  -n  .'.1  l 

■  •  •  .  ,11 

LAS  r  Viui) 


Date : 


lent  No 


Drillinc  Mud: 


Plsttic  Viicoeity;  20 _ 

Yield  Point:  _______________ 

Initial  Gel  btrength:  _ 

10  Minute  Gel  Strength;  _ 

Weight:  V.  H 

Fluid  Lon:  _ 5.  6 

pH:  _ <1 

Mud  Resiitivity:  _ J,  <10 

Mud  Filtrate  Resistivity;  p,  42 
Chromatograph  Readings; 


C.  j - 2. jAI 


Recovered  Fluid 

Sample  No,:  1  (Top) 

Plaetic  Viscosity:  30 

Yield  Point:  Z5 

Initial  Gel:  1  5 

10  Minute  Gel:  35 

Weight:  _ _ 

P“-  8 

Resistivity:  p. 

Temperature  of  Sample:  70°p 

Chloride  {CF):  5,  000 

Sodium  Chloride  (Nad)  •  _ 

Cal&iurH ;  Rml  Q,  JS 

'Sulfate- i  'luid  Loiir.  L -1 

Chromatograph  Readings; 

C,  2!;  :0.  .0 _ < 


2  ....l-Jf.l 


DHlKLSTt'M  IKSr  REPORT 


May  iL  i94L 


Date; 

Lease: 

Test  Interval;  96^2 

Total  Depth: _ 9739 


Rocky  Mountain  A  rgenal 


Tcstinfi!  Company;  Schlumborger 


DSI.  No.;  _ 3 _ 

Well  No.  :  Disposal  Well  No.  1 

Format  ion:  Lyons  Sandatoitc _ 

Well  Elevation:  5202  K-  B..  5187  G.  L. 
Witness:  Bert  A.  Lear  2Le  , 


Test  Data 

Tool  Open  For  Initial  Flow  (a  Top  Choke:  _ ^ _ _ 

Tool  Closed  For  Initial  Shut  In  d  '  Bottom  Choke;  - _ 

Tool  Opened  For  Final  Flow  (a  Packers  Set  (9  _ _ 

Tool  Closed  For  Final  Shut  In 

Cushion:  _ In  one _ Feet  of  - 

Hydrostatic  Pressure  of  Cushion  - _ psi/foot  x  Feet  e  _ -  p*i 


Initial  Hydrostatic  Pressure:  5000 

Initial  Flow  Pressure:  _ 

Initial  Shut  In  Pressure:  _ 

Final  Flow  Pressure:  _ 

Final  Shut  Li  Pressure:  _ 

Pressure  Bomb  Number;  _ 

Depth  of  Bomb:  _ 

Bottom  Hole  Temperature;  _____ 

Gas  to  Surface  in  .  minutes  fe  -  Mcf/Day;  in  minutes 

@  .  Mcf/Uay;  in  .  minute  Mcf/Day. 

Recovery: _ None _ _ 

Remarks;  _ Tool  was  completely  plugged  with  lost  circulation  material.  _ 

_ Teat  was  a  misrun^  _  _  _  _  _ 

_ Test  was  run  wiili  the  Schlumberger  Formation  Interval  _Teyer. _ 


T  ime 
15 


;  Si  kt  -.  HUK  i 


Juns  i.  t9bl _ 

i^cabt’,'  Rocky  Mountain  Arsenal 
;est  lik.T'.al:  qs-ts,  ;(> 

lota]  Heptli:  _ ^GQjfo _ 

fi-btiiiy  (  omp.my;  Hallihurton _ 


1)0.'  ,  Nn. :  4  _ 

i\  ell  N  J  :  Disposal  Well  No.  1 

1- orn’.at;vjn;  Fountain _ 

Well  'Mevatio:,:  5202  K.  B,  5187  G.  L. 
uit;.e*s:  Bert  A.  Lear 


Test  Data 

Tool  Open  t  or  Liitial  l-'lov.  .q  1:44  P.  M. _  ^ '^P  3/8" 


Tool  Closed  I'or  Initial  '-'hut  Ir.  (n 

li.Jttoiii  Choke; 

Nono 

Tool  Opened  Tor  Final  {"'low 

.  Patr  e  rf-  fi't  <a 

9845 

fool  Closed  For  Final  Sh  it  In  i; 

Cushion:  1700 

Feet  of  Water 

Hydro**atii-  Prcjs.ire  of  Cushii-'r) 

psi/foot  X  .  Fec't 

e 

Initial  Hydrostatic  Pressure: 

4776 

4779 

4852 

.  ime 

Initial  Flow  Pressure: 

Initial  Shut  In  Pressure: 

Final  Flow  Pressure: 

Final  Shut  L-.  Pressure: 

Pressure  .’’onib  Number: 

1376 

212 

193 

Depth  of  Bomb: 

9830 

9850  10012 

Bottom  Hole  Temperature; 

206®F 

Gas  to  Surface  in  , 

minutes  (u 

Mcf/  l^ay; 

in 

minutes 

(u  Ivicf/Day;  irr 

minute  (u 

.\I rf/ Day. 

Re  cove  ry: 

Kemarkii;  Sinj^ie  pa.cke.r  Iflst.  ,Packer_failed  immediately  when  tool  opened._ 

_ Eoiaet  parker.  failed  again,  l  ost  was  a  misrun^.  probably  due  to  con.- 

_ _ mimication  a rouud .pacllftr.s,  through  fractures. .  .  . .  _ 


oKiLL- .  r..\!  :t:sr  kff’ORT 


Datr : 

L  R  ci  b  ( 

;  St  Ir tc  r\  al; 


June  4  1?^ 


■.^a3(-.ioato 


1001& 


Tebtiiiu  i  ompariy:  Hallib'-irton 


No,-  _ r _ 

•.Veil  N'o.  ;  - 

i'ormaiion:  ko>'<  tam _ 

Well  Klevaiiu...  k.  H.  3  187  r,.  L. 

Witnese:  Bert  A,  l.ear 


Test  Bata 


Tool  Open  T  or  biitial  FIo'A'  ly  _  Top  Choke; 

Tool  Closed  For  Initial  Shut  In  (a _ Bottom  Choke:  _ 

Tool  Oper.ed  For  Final.  Flo-*  (u _ Packers  Set  _ 

I  oi-'l  Closed  For  Final  Sit. it  In  (tl  _ 

Cushion:  2020  Feet  of  ater _ 

Hydrostatic  Pressure  oT  Cushion  psi/foot  k  .  Feet  «  .  ps i 


Initial  Hydrostatic  Pressure: 
Lr.itial  Flow  Pressure: 

1/ itial  Sl.at  In  Pressure: 

F.nal  Flow  Pressure: 

Final  Shut  Ti  Pressure; 
Pressure  liomb  Humber; 
Depth  of  Bomb: 

Bottom  Hole  Teniperature: 


* 


1.W6 
981  1 
20G°F 


iiiia 


-Zll 

2iii 


T  ime 


±L 


10012 


minutes  (y 
miniite  (h 


Gas  to  Surface  in  _ - _ 

(u  -  Mef/Uay;  in 

Recovery;  2020'  water  cushioit  plits  1289'  mud. _ 

Kertiark  ;  __  _Xwfi  jpA'' *5®  TS , .  .Jpjiclce  r  .s 

_ R£set  imc-k^rs^  ^lnci./'^llle^La^ln. . 

_  r  p  u  atLps  c  k  e  r  s ,  iJixp  uilrlr  a  tt  u  rci, _ 


Mcf/ Day;  in 


minutes 


Mcf/Day. 


•  .  B.Qxi!b  ..iLi  3:7,0  wiflck.  s.tQpp£,d. _ 


I’  ,  I 


DRILl-STEM  '] T-ST  {lEP^-RT 


Jm^-’  7f  l^^>i 

LiCaie;  Rocky  Mountain  Arsenal 
l  est  Interval;  9,  Bbi  -  1  0,  QS7 

Total  Depth;  'iQ,  057 _ 

Testing  Company;  Halliburton 


D5I.  Ho.:  6 _ 

Well  No.;  Disposal  Well  No.  1 

Formation:  F ountaui _ 

Well  Elevation;  5202  KB.  51  b7  G.  L. 
Witnese;  Bert  A,  Lear 


Teat  Data 

Tool  Open  For  Initial  Flow  (a  1 1 ; 
Tool  doled  For  Initial  Shut  In  (i 

Tool  Opened  For  Final  Flow  (a  _ 

Tool  Cloaed  For  Final  Shut  ’n  _ 
Cushion:  630 


Top  cnoke:  i  /  S" _ 

Bottom  Choke:  7/ 8" _ 

Packers  Set  (a  <;S57  and  9062 


Feet  oi 


Water 


Hydrostatic  Pressure  olCuehlon  0.  133  psi/foot  x  7.>  1  Feet  «  3 1 7 


Initial  Hydrostatic  Pressure: 
Initial  Flow  Pressure: 

Initial  Shut  In  Pressure: 
Final  Flow  Pressure: 

Final  Shut  In  Pressure: 
Pressure  Bomb  Number: 
Depth  of  Bomb: 

Bottom  Hole  Temperature: 


■1,  i:z2 
1.  i91 
052 


220or 


4,  629 
Pluugpd_ 
■t.  562 
Pluciicd 


■1.  938 

4.  6.n 
4.  127 


T  ime 

7  min. 
30  rj;ui, 
60  nun. 
1  20  min. 


Gas  to  Surface  in  Hone _ minutes  @  -  Mcf/Day;  in  minutes 

(&■  .  Ivlcf/Day;  in  .  minute  fe  .  Mcf/Day. 

Recovery:  54;; '  watr;r  cushion.  1  Jj mud  c u I  water  cushion.  1,646'  mud. _ 

Remarks: _ _ _ 

__  Charts  indicated  that  perforations  wars:  altc rnatelv  plugging  and,  clcarinc. _ 

during  th  flow  po  riods.  The  final  buildup  curve  app 'ars  to  In  usable _ _ 

fo r  rnh-'!l;>.tions.  baj.,d  on  i.,ujl  i-. lamination. _ 

_ Vol.  of  mud  between  tool  h  liol  below  packer  “  1  95*  •  <0.  117  5  •  0 .  j  i .i 0 )  ~  h', .  , ■ 


_ Mcf/Day;  ln_ 

Mcf/Day. 


minutes 


._ZfiLL_uu 


—  JilU-d-Xi 


i.st  due  to  leakag  ■  L  rrsvttiny  tool  (c AL J _ 

_ Toial 


21.  '.)  ■  .'  ■■.I  -  . 


f  A  >  v>t  t  M  UK'- 


An"*  1  -Its 


LAST  MUD  CUKCK  BEFORP:  TEST 


'i'  I  •  !  61  I'egt  No.  : 

Drilling  Mud; 


Plitttic  Viscosity:  26 

Yield  Point;  Hi  “ 

InitisI  Gel  Strength: 

10  Minute  Gel  Strength: 

Weight;  _ 9.5 

Fluid  Loss;  ^,~2 

pH:  _  S 

Mud  Resistivity: 

Mud  Filtrate  Res istivity;  7^ 

Chromatograph  Readings:  " 


Chlorides  (Cf):  _ i.  .:oo 

Sodium  Chloride  (Nad):  i,  650 

Calcium  (Ca):  j ,  QQu _ 

Sulfate  (SO^): 


.ft  Cq 

jCLdi 


o 

o 


F 

F 


0.  2M 


Trace 


0.  2M 


IN. 


wT.'  J 


Re 'overed  Fluid 


Sample  No.  : 

Top 

Middle 

i^ouom 

Plastic  Viscosity: 

.0 

•!8  -  60 

SO 

yieio  Foint:  - - - — - - 

initial  Gel; 

1  0 

16-10 

J(. 

10  Minute  O'*!: 

Oil 

90  -  90 

J  0 

Weight: 

9. 

9.  .  -  9. 4 

t 

'■  #  * 

pH.  _ 

8 

/.  6  -  7 

7.  5 

Resistivity; 

±.i  Si  _ 

i.  ^ 

j  Jl. 

Temperature  of  Sample: 

OS'"  F 

6^'^F  - 

r" 

Chloride  (Cl  ): 

oOO 

000  -  BOO 

oooium  Chloride  (Nad)  •  - 

calcium  (Ca) ; 

BOO 

V»00  *  wi' J 

L  o  0 

ouuaie  - 

enromatograph  Readings; 

Cj  C.U,  00,  -UJO,  000 

—  ^4  ’i 

Tr.  6u.  220 

VI 0,  lO,  ow,  ’idly 

^3  u'  ,  Ti-,  o  .  -ISO _ 

;  I.  -  (Top) 

.  '  <j7'-’ 

■ ,  ■j  at/’  (Dottoin) 


/iu 


i 


I 

I 

I 


IJate ; 


J  lii'L 


Dease;  pucj-.y 

Mount  a: 

;nAri.cnal 

I'eSt  I'lterval 

1  3  17 

t  otal  Depth: 
resting  Cernpany;  Mnihburton 


jslm 


lESr  REPORT 

DST ,  No* ; 

7  . - 

Well  No.  :  J|Jfes 

cure  iniection  Disuuh^-1 

Formation; 

F*>iint  ain 

Well  Elevation; 

u,  202  K£.  5.  187  OL 

Witness:  A1 

.Samuel  s 

Test  Data 


Tool  Open  For  Liitial  Flow  (a  _ 

Tool  Closed  For  Initial  Shvjt  In  (n 
Tool  Opened  For  F^naJ  Flow  (u 


Top  Choke:  j 


Bottom  Choke:  7 / tj 

Packers  Set  Si 


Tool  Closed  t'or  Final  Shut  In  (fl  _ _ 

Cushion;  1 ,  ^0,,,  Feet  of 


■Valer 


Hydrostatic  Pressure  of  Cushion  1.  -^qq  psi/foot  x  p,  Feet  1 


Liitial  Hydrostatic  Pressure: 
Initial  Flow  Pressure: 

Initial  Shut  In  Freseure: 

Flrv  Pre  ssure. 

Final  .Shut  L;  Pressure: 
Pressure  Bomb  Number: 
Depth  of  Bomb; 

Bottom  Hole  Temperature: 


-Llj^ 


ioiiL 


:L222.. 


1.  37f. 


2  Ji 


i'Ji 


10,  01} 


IJ, 08b 


.1^ 


psi 


T  ime 


10,  1  i 


I 


Cas  to  Surface  in  _ 

53,  Mcf/Day;  in 

Recovery;  _  . _ 

Remarks: 


minutes  (Q 
minute 


Packers  fn  -  "c'.i-tel'j 


Mcf/Day;  in 


Mcf/Day, 


Mi s  run 


minutes 


I 


(  A  t  .  - 


DRILLSTF.M  JESl 


Date;  Juno  18,  l')61 

Leair:  Rocky 

T.  .t  IiUcrvah  iR.  l.i 7 .10^313- 

Toial  Depth;  10,  339 _ _ 

Testing  CompAny;  Halliburton 


Test  Data 

Tool  Open  For  Initial  Flow  (a  9:18AM 
Tool  ClOied  For  Initial  Shut  In  ^  9~25  AM 
Tool  Opened  For  Final  Flow  (a  9 . 5(.>  A M 
Tool  Closed  For  Final  Shut  In  (<1  1 1  00  AM 

Cushion;  _ l,  jQQ  _ _  Feet  of 

Hydrostatic  Pressure  of  Cushion  i.  SOQ 


Dsr.  No.:  _ 8 _ _ 

Well  No.  :  pressure  Injection  Disposal  Vail  No.  1 

i-'orniation;  _ Fountain _ 

Well  Flesatio.i:  3,  ZOZ^KB,  S,  187  GL 
Witness;  Howard  H,  Sails _ _ 


T op  Choke ; 
Bottom  Choke; 
Packers  Set  (<i 


TT  ^  I 

psi/foot  X  0,  4  Feet  s 


Initial  Hydrostatic  Pressure: 
Initial  Flow  Pressure; 

Initial  Shut  In  Pressure; 

Final  Flow  Pressure; 

Final  Shut  In  Pressure: 
Pressure  Bomb  Nuiriber: 
Depth  of  bomb; 

Bottom  Hole  Temperature; 


4,  918 
774-846 
4,  1  19 

848- 1,  2i0 
4,  069 
1,  376 
10,  1  14 
^18°F 


4.  861 

1.  004.  1.  0  12 
4,  119 

1,  050-  1,  108 
4,  063 
212 
10,  144 


1,  09  I  •  I.  123  7  minutes 

4,  2 30 _  31  minutes 

1 .  2 2  1  -  1 ,  4  j 'j  64  minutes 


■1.  19  3 
19  3 
10_,.  3  39 


120  minutes 


Gas  to  Surface  in  None  minutes  ®  _______  in  minutes 

^  _ Mcf/Da>^  in  minute  &  _ Mcf/Day. 

Recovery:  _ 1,  395'  v/ater.  '93‘  muddy  wr.ter,  1,  188*  mud. _ _ _ _ _ 

Remarks:  _Had  a  we^k  blow  when  tool  1  vyii-oh  continued  throughout  the  test. 

^630'  of  2  3/‘l_lL  D.  Drill  Collar.s  .630'  >;  0.  0073  B/Ft.  ■  1.  .DjAl _ 

180  '  of  3  '  I.  D.  Drill_C^Uar^  :  180'  .x  0.  0087  B/Ft.  .  4.  6  Bbls  amd _ 

J76  '  oi  4  lid"  X.^.  Drill  Pipe :  37d'  x  0.  0  129  B /Ft.  .  ~4.  9  Bbls  mud  _ 

Total  ,  11,  1  Bbls  mud  recQve  red 


DRILLS TT-M  !'E:sr  REt>0!-!  ! 


IJatp;  _ June  Z4,  19fe  i 

Leaic:  Rpcky  Mountain  Arsenal 

Tf«t  30,  .iii6  -  10^  542 

i'otal  Depth;  IQ,  542 _ 

Testing  Company;  Hallihnrfon 


nST.  No.:  _ 9 _ 

'A'eJl  N  ).  ;Pre3aure  laiectiop  Diapoaal  No.  1 
pormation;  KoontAin 

Well  r:U ><>110:1; . 5,  20^  KB.  5,187  GL 

Witness:  Alvin  Samuel#  _ 


Test  Data 


Tool  Open  For  Initial  Flow  (d  10:  j3  A,  M.  Top  Choke; 


Tool  Closed  For  Initial  Shut  In  (u 
Tool  Opened  For  Final  Flow  (U 
Tool  Closed  For  Final  Shut  In  (ft 
Cushion;  1,  560 


UJLl. 


1 1:00  A.  M.  Bottom  Choke;  7/5' 


lliiO  A.  M.  Packers  Set  fg  IQ.  33  1  ^  IQ.  J30 


12:09  P.  M. 

_  Feet  of'  W?ter 

Hydrostatic  Pressure  0/  Cushion  0,  4  16  psi/foot  x 


1.  560 


F  eet 


Jill. 


ps  1 


Initial  Hydrostatic  Pressure: 
Initial  Flow  Pressure; 

Initial  Shut  In  Pressure: 

Final  Flow  Pressure: 

Final  Shut  ha  Pressure; 
Pressure  Bomb  Number: 
Depth  of  Bomb: 

Bottom  Hole  Temperature: 

Gas  to  Surface  in  - 

(Oj  .  Mcf/Day;  in  _ ^ 

Recove  ry: 

Remarks: 


5.  068 


1.  300 


603/6fi3 


1.  505 


1,  376 


10.  313 


minutes  % 
minute  (H 


Mcf/Day, 


_ 1.  560'  water  cushion  plus  129*  mud. _ 


Clock 

5.  206 

Time 

StODoed 

843/843 

2 

1.  389 

30 

833/848 

32 

L  634 

90 

212 

.  193  . 

10.  346 

10.  .S39 

.  Mcf/Day; 

in 

minutes 

_ _ _  ,  .Tool  opened  .with  no  blow,  Qy  passed  after  ii  minutea.  Had  a  waa^ 

blp w  whi c Ir d ije_d. in.  S  minutes ^ _ 


L'RiLLbrr.M  i  K.Sr  lU'PuRi 


D.-te; 

L«Jt4n 
Tp»t  Interval: 
TcjtaJ  Depth; 


AqcJ^;*,  Meuoi;,fcifi A,r>iaaa] 

IQ.  J>17  .  la.  72q 

n? 


Tetiting  Corrpsny:  Halliburton 


IJ.S  :  ,  Nfi 
Well  N'  j 
Fo  rmatiuii; 
Well  ..levatnn 


JO 


■al  No.  1 


'JiZ  GL 


Witneis:  Alvin  Samuela  and  Bart  A.  Laar 


Teat  Data 


Tool  Open  For  Initial  {■Tow  (a 

9:30  A.  M. 

lop  Choke; 

3/0' 

Tool  doled  For  Initial  Shut  In  C4 

9  33  A.  M. 

bottom  Chok.  ;  7/a  ' 

Tool  Opened  For  Final  Flow  (a 

10:03  A.  M. 

Packers  So 

t IJ.  312*. 

JO,  517 

Tool  Cioaed  For  Final  Shut  In  vit 

10:53  A.  M. 

Cuihion:  1^  700' 

Feet  of  V 

yatar 

Hydroatatic  Preaaure  of  Cuahion 

0.416  P»t/ 

^foot  X  70Q 

Feel  t  707 

ps  i 

Initial  Hydroitatic  Presaure,; 

3.  19.3 

3.  162 

...  . 5,  276.. 

iaiie 

Initial  Flow  Preaaure; 

fibl/kh  1 

3 

Initial  Shut  In  Preaaure: 

-d>Q43  . 

_ I.  QQfl  -  . 

Jfl _ 

Final  Shut  bi  Preaeure: 
Preaaure  Dornb  N>imber; 
Depth  of  bomb; 

Bottom  Hole  Temperature: 

Gaa  to  Surface  in  _ , 

(ft  - _ Mcf/Day:  in 

Recove  ry: 

Remark!: 


_ L^a 

_ L  nti: 

iQ.  499 


m'nutes  (c 
minute  (& 


JLi/JLiJ _ 


■iL5fl/fl6S. 


JiiiJi. 


L  A2£>_ 


.ZIZ 


iQ>:aXl 


-LsU_ 


Mcf/Day;  in 


Mcf/Day. 


UKL'-  watex  xuflhioa  plua.  SO/  .oLmud 


5Q 


i?-n 


iii.  7 at. 


mi.iutes 


_ _  No  blow  when  tool  opened. 

in  13  minutee. 


By  pasaed  tool.  Had  a  waak  blow  which  died 


1  .,!;le  19 


DRILLSTEM  TEST  REPORT 


Date;  July  9,  196 1 

DST.  No,; 

li _ 

Rocky  Mountain  AragnAl 
Te.t  Interval:  10.  755  -  10.  962 

Well  No.  Pressure  Iniection  Disoosal 
Formation:  Fountain _ 

Total  Depth;  10,  962 

Well  Elevatio:-.;  ^ 

202  KB.  i. 

187  GL 

Testing  Company;  Halliburton 

Witness:  Bert  A. 

Lear 

Test  Data 

Tool  Open  For  Initial  Flow  ^  5;13A.M, 

1  op  Choke; 

_ iUill _ 

Tool  Closed  For  Initial  Shut  In  fe 

5- 15  A.  M 

Bottom  Choke;  7/8" 

Tool  Opened  For  Final  f'low  (a, 

5.T5  A.  M 

Packers  Set  (ft  10.750  1.  10.755 

Tool  Closed  For  Final  Shut  In  & 
Cushion;  Z,  000 

6:35  A.  M. 
Feet  of 

Weter 

Hydrostatic  Pressure  of  Cushion 

0.416 

psi/foot  X  2.  000  s  832 

_ P»i 

Initial  Hydrostatic  Pressure:  _ 

5.  389 

3.427 

5.  55.0  . . 

T  ime 

Initial  Flow  Pressure;  _ 

• 

904/980 

1012/1082 

2 

Initial  Shut  In  Pressure; 

1,  770 

1.  764 

1.  840 

20  _ 

Final  Flow  Pressure:  970/968 

952/946 

1Q45/IQ45 

60 

Final  Shut  Li  Pressure:  _ 

1.  980 

1.956 

2.  041 

120  _ 

Pressure  Bomb  Number:  _ 

193 

2  12 

1.  376 

Depth  of  Bomb: 

10.  735 

10.  765 

10.  595 

Bottom  Hole  Temperature:  _ 

2160f 

Gas  to  Surface  in 

minutes  %  ,  Mcf/Day; 

in 

minutes 

.  Mcf/Day;  in 

minute  ^ 

_  Mcf/Day. 

Recovery:  2.  000'  of  w&ter  cushion  nlua  90'  of  mud 

Remarks; 

Tool  opened  with  a  weak  blow 

decreasing,  to  dead 

DRlLLSTEM  lESr  REPORT 


Date;  Augaat  19>  1961 

Rocky  Mountain 

l  eil  Irtrrval:  11.  096-11. 
Total  Depth;  1 1.  439 
Testing  Company:  Hailibu 


DSr.  N'o.; _ 12 

Well  No. ;  Diapotal  Well  I 
Tormaiion;  Fountain 
Well  Elevation:  _ 

Witneas:  Howard  Soils 


T est  Data 


Tool  Open  Tor  Initial  Flow  (U 
Tool  Closed  For  Initial  Shut  In  fa 
Tool  Opened  For  Final  Flow 
1  ool  Closed  For  Final  Shut  In 

Cushion:  _ 3040 

Hydrostatic  Pressure  oi  Cushion 


Feet  of 


Top  Choke:  _ 

Bottom  Choke: 
Packers  Set 

.M- _ 

water _ 

psi/foot  X  3040  Fee 


-iZilL. 

7/8” 

11. 096 


Initial  Hydrostatic  Pressure:  5016 _  5035 _ 

Initial  Flow  Pressure:  1420/1414  1470/1465 

Initial  Shut  In  Pressure:  2034 _  2067 _ 

Final  Flow  Pressure:  1418/1414  1470/1465 

Final  Shut  In  Pressure:  1 708 _  1 756 

Pressure  Bomb  Number:  221  193 _ 

Depth  of  Bomb;  11077  11082 

Bottom  Hole  Temperature;  200°F 


Gas  to  Surf'  .;e  in  _ - _ minutes  (U'  -  Mcf/Day;  in_ 

_  Mcf/Day;  in  _  minute  fe  ,  Mcf/Da, 
Recovery:  _ 3040'  water  cushion  125*  tT'ud,  _ _ 

Remarks:  __IioJblpw  when  tgol  eptfJieil.  JTOfil  W9a  JlOt  Jilugg£d, .  b.! 
_ hose  was  plugged. _ _ _ 


T  ime 

2  min. 
20  min. 
30  min. 
62  min. 


minutes 


DRILLSTEM  TEST  REPORT 


Date; 

Leave: 


September  5,  1961 


Rocky  Mountain  Areenei 


Tett  liRervai; 
Total  Depth; 
Teiting  Company: 


1  lij.711 


Halliburton 


13 


No.:  _ 

No  ;  Diapoeal  WeH  No.  1 


DST. 

Well  _ _ 

i  ormation:  Fountain  to  pr«»^Carrbrtan 
Well  Elevation; 

Witneaa;  AlvinfiimUrtU - 


Teat  Data 


Tool  Open  For  Initial  Flow  (&  8;22  A,  M. 

Tool  Cloaed  For  Initial  Shut  In  (g  8:25  A.  M. 


Tool  Opened  For  Final  Flow  (5.  8;S5  A.M. 


T op  Choke:  3/8" 

Bottom  Choke:  7/8"  ~ 

Packera  Set  (&  9>  6^0 


Tool  Cloaed  For  Final  Shut  In  <S  9;55  A.M. 
Cushion:  Feel  o/ 


;acov2  ry; 
.emarka: 


Mcf/Day. 


Hydroatatic  Pressure  of  Cushion 

.  pai/foot  X  • 

Feel  c 

-  psi 

Initial  Hydrostatic  Pressure: 

4063 

4086 

4091 

Time 

Initial  iTow  Pressure:  _ 

810/1068 

856/1117 

840/1100 

3  min, 

Initial  Shut  In  Pressure: 

3839 

3868 

3870 

30  min, 

Final  Flow  Pressure:  _ 

901/2552 

925/2565 

925/2560 

60  min, 

Final  Shut  Ln  Pressure: 

3719 

3732 

3730 

122  min, 

Pressure  Bomb  Number: 

221 

193 

212 

Depth  of  Bomb: 

9640 

9645 

9677 

Bottom  Hole  Temperature:  _ 

214*7 

Gas  to  Surface  in  - 

minutes 

-  Mcf/Day;  in 

minutes 

■aiCLCayX‘.a  Itf g t  oJLdrmin^  mud, _ 

Opened  with  atrong  blow  dec rea aing  to  good  blow  at  end  of  test. 


Table  22 


DR1LL5TEM  TEST  REPORT 


Date: 

Lease; 

TtiHt  Intervai; 

Total  Depth; 

Testing  Company: Halliburton 


September  6,  1961 
Rocky  Mountain  Arsenal 

n  ,  020-11,  985  (Csii.  shoe 

HHUl) 


DST.  No.: 

Well  No. : 
Formation: 
Well  Elevation: 
Witness; 


_ 14 _ 

Disposal  No.  1 
Fountain  to  Pre- Cambrian 
5187  G.  L.;  5203  K.B. 

1.  rtardy  Garrett.  Jr. 


Teat  Data 


Tool  Open  For  Initial  Flow  @  - _  Top  Choke:  3/8" 

Tool  Closed  For  Initial  Shut  In  @  -  Bottom  Choke;  l/A'^ 

Tool  Opened  For  Final  Flow  @  12:54  P.  M.  Packers  Set  @  11,  020 

Tool  Closed  For  Final  Shut  In  @  3:30  P.  M. 

Cushion:  2,  000  Feet  of  water 

Hydrostatic  Pressure  of  Cushion  0.  433  psl/foot  x  2,  000  Feet  •  866  psi 

Time 


Initial  Hydrostatic  Pressure; 

5,029 

5,  050 

* 

w 

Initial  Flow  Pressure: 

-/ 1.771 

-/I,  844 

« 

• 

Initial  Shut  In  Pressure: 

..NOT  TAKEN . . 

Final  Flow  Pressure: 

-/3.463 

-73,  508 

e 

15^  min. 

Final  Shut  In  Pressure: 

4.  12d 

4,  155 

e 

93  min. 

Pressure  Bomb  Number; 

221 

193 

212 

Depth  of  Bomb; 

11,002 

11,007 

11,035 

Bottom  Hole  Temperature: 

102OF 

Gas  to  Surface  in 

minutes  @ 

-  Mcf/Day;  in 

-  minutes 

@  -  Mcf/Day;  in 

-  minutes  @ 

Mcf/Day 

Recovery;  2,  000'  water  cushion  plus  5,  400'  salt  water 

Remarks:  Opened  tool  at  12:45  with  no  blow.  Bypassed  tool  and 

reopened  at 

12:45  P.  M.  Had  no  blow  at  beginning  of  test,  weak  blow  after  10  minutes, 

increasing  to  fair  blow  in  20  : 

minutes  and  decreasing  to 

a  very  weak  blow  at 

the  end  of  the  test. 


Clock  stopped  -  no  readings. 


4 


i  I 

I 

'  I 

;  I 

I  SPECIAL  CORE  ANALYSIS  RESULTS 

ROCKY  MOUNTAIN  ARSENAL 

I  PRESSURE  INJECTION  DISPOSAL  WELL 


HorixonUl 


Sample  No. 

Depth 

Feet 

Permeability 
Millida  rcya 

Poroelty 

Percent 

Remarks 

1 

8,  625 

0.0 

3.4 

Dakota  SS 

2 

30 

0.0 

4.6 

n 

3 

60 

0.0 

8.6 

»1 

4 

63 

0.0 

5.  3 

It 

5 

9,619 

0.  0 

3.8 

Lyons  SS 

6 

25 

0.0 

4.  4 

M 

7 

30 

0.0 

3.8 

11 

8 

35 

0.0 

5.  7 

1 1 

9 

40 

0.  1 

5.  0 

II 

10 

63 

1.4 

3.  5 

II 

11 

71 

0,0 

4.  4 

II 

12 

85 

0.0 

2.  7 

M 

13 

90 

0.  3 

3.6 

II 

14 

95 

0.0 

5.  0 

1 1 

15 

9,  700 

0.0 

6.  0 

1  ( 

16 

05 

0.  0 

4.  1 

1 1 

17 

10 

0.0 

3.9 

1 1 

18 

15 

0.  0 

3.8 

1 1 

(Selected  samplea  analyred  by  Core  Laboratories.  Inc.) 


1  *  r*s>i  '-MI;  >>  jM  *Sl>  as  . 


ATI  «,  I*. 


I 

I 

I 

I 

I 

I 

I 


I 


I 

I 

I 

I 

I 

I 

I 

I 

I 

\ 


Table  23  Pg.  2 


Horliontal 


Sample  No. 

Depth 

Feet 

Permeability 

MilUdarcye 

Torotity 

Percent 

Remarks 

19 

9,  720 

0.  0 

6.0 

Lyons  SS 

20 

9,902 

0,  0 

4.2 

Fountain  Arkose 

21 

10 

0.  0 

6.  1 

M 

22 

20 

0.  0 

1.9 

II 

23 

24 

0.  0 

1.  0 

(4 

24 

10. 125 

0.  0 

4.  2 

f  1 

25 

135 

0.0 

3.9 

1 1 

26 

144 

0.0 

6.  7 

l( 

27 

156 

0.  0 

3.9 

1  1 

28 

392 

0.  0 

2.  B 

f  1 

29 

398 

0.  0 

2.  6 

n 

30 

400 

0.0 

4.  7 

11 

31 

596 

0.0 

3.6 

ti 

32 

605 

0.0 

2.9 

M 

33 

623 

0,0 

6.  0 

n 

34 

627 

0.0 

2.  3 

li 

35 

805 

0.  3 

3,  5 

1 1 

36 

811 

0.  0 

3.0 

M 

37 

823 

0.0 

1.7 

II 

38 

830 

0,  0 

2,9 

H 

39 

11,  048 

0.0 

2.  1 

n 

40 

065 

0.0 

4.  7 

1! 

41 

071 

0.0 

2.  1 

P 

42 

130 

0.0 

5.  6 

It 

43 

138 

0.6 

6.  8 

H 

44 

140 

0.9 

6.  0 

1 

45 

144 

0.  3 

5.  5 

1  1 

46 

147 

0.0 

3.9 

l» 

47 

153 

0.  1 

3.  0 

M 

48 

165 

0.0 

3.  4 

II 

49 

173 

0.  0 

3.  1 

1 1 

50 

457 

0.  0 

2.2 

1 1 

51 

462 

0,2 

5.8 

II 

52 

11,  465 

0.  2 

4.  8 

M 

1  Ml  I > Tf  f 


1 


TabU  24 


ROCKY  MOUNTAIN  ARSENAL 
PRESSURE  INJECTION  DISPOSAL  WELL 
LOGGING  SUMMARY 


Type  Log 

Induction -Electric 

Date*  Run 

3-15-61 

5-21-61 

8-1-61 

9-4-61 

Firat  Reading 

2.  015' 

9.719' 

11, 242' 

11,990 

La»t  Reading 

134' 

2,020' 

9, 719' 

n,  166' 

Footage  Logged 

1,  881' 

7,699* 

1,  523' 

824' 

Total  Depth  (Drlr.  ) 

2,  030' 

9.729' 

11.225' 

11,  985' 

Hole  Size 

12  1/4" 

11" 

11" 

6  3/4" 

Type  Log 

Gamma-Ray  Neutron 

Date  Run 

9-4-61 

9-21-61 

Firat  Reading 

1  1,  988' 

12, 040' 

Laat  Reading 

50' 

11, 700' 

Footage  Logged 

11,938' 

340’ 

Total  Depth(Orlr,) 

11,985' 

12,045' 

Hole  Size 

6  3/4" 

6  3/4" 

Type  Log 

Sonic 

Date  Run 

5-21-61 

8-1-61 

9-4-61 

Firat  Reading 

9.  718' 

11, 234' 

11,988' 

Laat  Reading 

2,  020' 

9, 718' 

11,  166' 

Footage  Logged 

6,698' 

1, 516' 

822* 

Total  Oepth(Orlr. ) 

9. 729' 

1  1,  225' 

11.985' 

Hole  Size 

11" 

ll" 

6  3/4" 

Type  Log 

Microlog 

Date  Run 

3-15-61 

5-21-61 

9-4-61 

Firat  Reading 

2, 006' 

9,  717' 

11.990' 

Laat  Reading 

134' 

2,020' 

11,  166' 

Footage  Logged 

1,872' 

7,  697' 

824' 

Total  Depth  (Drlr. ) 

2, 030' 

9,  729' 

11, 985' 

Hole  Size 

12  1/4" 

11" 

6  3/4" 

Type  Log 

Temperature  Log 

Date  Run 

5-21-61 

9-4-61 

Firat  Reading 

10' 

11,990' 

Laat  Reading 

9,  710' 

9. 500' 

Footage  Logged 

9,  700' 

2. 490' 

Total  Depth  (Drlr. ) 

9, 729' 

11,  985' 

Hole  Size 

11" 

6  3/4" 

(All  data  taken  from  heading  of  log. 

Sec  Volume 

m). 

I 
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